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PREFACE 


For the past few years, the necessity of a suitable book on 
Chemistry for the intermediate students covering the syllabi as well 
as the requirements for various competitive examinations has been 
haunting my mind. The present book Introductory Chemistry is an 
endeavour in that direction. This book is primarily designed to 
serve as a textbook for the 12th class of the 10--2 system. 

The style of presentation is simple, arrangement of topics is 
systematic and the sequence of facts have been tried to be made as 
smooth as possible. Considerable stress has been given to explain 
the fundamental principles in the light of modern trends in chemical 
thought. 

The special features of the book are— 

(i) It contains a large number of schematic diagrams and data . 
to enable the students to understand the subject clearly. 

(ii) A large number of patent questions with answers have been 
given so as to make a visual impact on the young mind. 

(ii) It includes a varied pattern of questions and problems 
required for the competitive examinations. 

(iv) A large number of exercises have been given to provide an 
opportunity to the students to answer them. 

(v) Objective type questions with answers at the end of each 
chapter have been preferably dealt with as they are becoming 
increasingly important. 


In the concluding portion of the book a number of miscellaneous 
questions with appropriate answers have been included in a separate 
chapter. 


Appendices provided are relevant and in tune with the essential 
requirements of class XII students. 


The author expresses his deep sense of gratitude to all those who 
extended help in any form in the preparation of the manuscript. 


The author records his indebtedness to the publisher Bharati 
Bhawan (Publishers & Distributors) as well as to the staff Tapan 
Printing Press, Patna for courtesy and co-operation in bringing the 
book to his satisfaction. 


Suggestions for improvement and better methods of i 
in the book will be thankfully acknowledged. RAM 
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CHAPTER 1 
ATOMIC STRUCTURE 


It was speculatively conceived in the works of ancient Greek 
philosophers Leucippus, Democritus, Epicurus and others that 
atoms are the smallest indivisible particles, of which all substances 
are built up. s 
However, the development of the atomic concept of ma : 
s tter was 
due to the works of Dalton who firmly advocated indivisi 
eu pareroiatom: y the indivisible 
But now-a-days studies on radio-activity, electrical discharge i 
gases, electrolysis and other phenomena have conclusively’ shown 
that atom has a definite structure and that it can be further sub-divided 
into still smaller fragments. Experiments have shown that an atom 
contains electrons, protons and neutrons. 
The Discovery of Electrons (Cathode rays) : 
Cathode rays were discovered by Julius Plucker in 1859 
A a 
studied exhaustively by J.J. Thomson in 1897. It was ‘ound TEE 
the passage of electricity ina discharge tube using a gas under 
pressure as low as 0:01 mm of mercury produced a stream of ra; e. 
from the cathode. These rays are known as the Cathode rays ys 
Properties of Cathode rays : (i) The cathode rays travel i : 
lines and cast shadows of objects placed in their AE vel in straight 
(ii) They are emitted at right angles from th 
cathode. - e surface of the 
(iii) When they fall on certain substances, they prod 
cence, the colour depending on the nature of the Medo fuor 
(iv) When they fall on an obstacle, the temperature of t 
is raised appreciably. he latter 
(v) They can pass through thin sheets of matter with 
turing it. They can pass through few cms of air. E 
(vi) They ionise the gas through which they pass. 


(vii) They travel with velocity ranging from 1/3 to 1 

of light. ! /10 of that 
(viii) When they fall on a heavy solid substance (anti-cathod 

like platinum and tungsten, they produce highly penetrating invisi ) 

rays, called X-rays or Roentgen rays. yE ating invisible 
(ix) The cathode rays cause mechanical effect in a small pad 

wheel placed in their path. This shows that cathod padre 

material particles. ode rays consist of 
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(x) These rays are deflected in an electric or magnetic field from 
their normal path in a direction indicating that they are negatively 
charged particles. 

The negatively charged particles constituting the cathode rays 
are called electrons which are formed by the disintegration of atoms 
of the gas under high electrical tension or from the material of 
the cathode itself. The electrons were found to possess the same 
properties, irrespective of the material of the electrodes or the nature 
.of the gas in the discharge tube. 


Mass of an Electron : 


The charge to mass ratio (e/m) of an electron was measured 
to be 1:759x107 em.u/gm. The value of e/mg for hydrogen 
atom is 0 9577 x 10+ e.m.u./gm. Hence, 


mass of the electron — m _09577x10'_ 1 
mass ofthe H-atom ma 1:759 x10? 1840 


ie. the mass of an electron is smaller than that of hydrogen atom 
in the ratio 1 : 1840. 


The Discovery of Protons (Positive rays) : 
| 


Goldstein in 1886 observed the presence of another type of rays 
in the discharge tube. These rays are known as positive rays Or 


Canal rays. The positive rays are found to possess the following 
characteristics : 


(i) These rays flow from the direction of the anode towards the 
cathode, 


(ii) They are found to deflect in an electric field or a magnetic 
field in the direction showing that they are positively charged mate- 
tial particles, 


Experiments have shown that the charge to mass ratio (elm) of 
such a particle depends upon the nature of the gas in the discharge 
tube. The value of this ratio is found to be minimum for hydrogen, 
ie., 10^ coulombs/gm. Such particles in case of hydrogen are 
called protons. 


Origin of positive rays : On the application of a high voltage 
through the discharge tube, electrons are ejected from the cathode. 
"These electrons move towards the anode and on their way they 
Collide with the gaseous molecules, The electrons being very ener- 
getic cause the removal of electron from the molecules of gas. 

H, > H+H ) 
H - H++e | 
H > He j 
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0,— O +0 
O — Ot +e 
Os > Ost +e 
Oot> Og +e 
The gaseous ions thus formed travel towards the cathode. The 
rays constituted by positive H+ ions are known as protons. 


Neutron : 
James Chadwick in 1932 obtained a new radiation from the 
bombardment of beryllium (,Be?) with a-particles. 
Be? -- Het C? on* 


This new radiation was found to consist of particles having 
nocharge. The mass of the particle was almost equal to that of 
proton. This particle was named neutron because of its electrically 
neutral character. 


The three particles electron, proton and neutron are called 
fundamental particles. 
Charge and Mass of Fundamental Particles 
———ÁÁÓ———————— E o 


Mass Charge 
Particle Sa A MET x 
Relative Absolute Relative Absolute 
4:80216x 10—19 
y €.S.u. 
Electron | 0000545 amu | o-1083x10-g} — —1 or 
E 1:60206» 101? 
coulomb 
480216 x 10-19 
Proton gee Hat 16735 x 10g ji dos 
| z 1:60206X 10-19 
| coulomb 
Neutron REV 1:6747 x 10-4g 0 0 


MEE] ee 
Rutherford’s a-scattering experiment : 


In 1904, Rutherford observed that if a-particles mme allow: 
impinge on a thin gold foil, most of the a-particles passed aon 
the foil without any deviation, some were deflected from the dem 
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ta 
u 
v Y 
o \ 
£4 Gx nuceus 
& 2 x j 
v ^ au 
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Ed 
Eeri nucleus 
od 
e-particles(aE5—— — > —— — — — — —— — > 
© E CORR TRES REN TA 
@----- —--- Nucleus 


whereas a very few were found to be reflected back. These obser- 
vations. led Rutherford to put forward his nuclear theory of atom. 
According to this theory— 


(i) Most of the space in the atom is empty. 


(ii) Most of the mass and the positive charge of the atom are 
concentrated into a very small space at the centre of the atom, 
called the nucleus of the atom. 


. (iii) The electrons move around the positively charged nucleus 
in fixed circular paths, called orbits or energy levels. 


Orbits 


XA 
e Nucleus 


£z Proton 
? -Neutron 


(iv) The volume occupied by the nucleus is negligible as compared 


to the volume of the atom. 


Constitution of the Nucleus : 


Atomic nuclei are made up of protons and neutrons bound 
together. The radius of the nucleus is very small approximately 
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2x10- cm as compared to 10-8 cm for an atom (H-atom). As 
most mass of the atom is concentrated in the nucleus, its density 
isenormously high, approximately 10133 gm cm?. The densities of 
different nuclei are almost the same. 


Each nucleus contains a definite number of protons and the 
charge on the nucleus is determined by this number. For example, 
nucleus of. H-atom contains one proton. Hence, the nuclear charge 
—-r]. Similarly, the nucleus of Li atom contains 3 protons. Hence 
the nuclear charge= +3. 


Atomic Number : 


The number of nuclear charges in the atom of an element is 
Known as the atomic number of the element. 


Atomic number — Number of protons 
— Number of nuclear charges. 


The atomic number of an element is its most fundamental 
property. Atoms with the same atomic number may have somewhat 
different masses and still have almost identical other properties. 
But any changein atomic number causes a radical change in pro- 
perties. Besides, the atomic number provides'à basis for.the modern 
Periodic classification of elements. 


Mass Number : 


The mass of the nucleus is determined by the number of protons 
as well as the number of neutrons. The total number of protons and 
neutrons is known as the mass number of a nucleus. 


Mass number = Number of protons-|-Number of neutrons 


Or, A=Z+n. 


Nucleons—The particles in the nucleus are collectively called 
nucleons and it is constituted of neutrons and protons. 


Nature of forces in the nucleus : 


Yukawa in, 1935 postulated that z-mesons act as a cementing 
force binding the proton-proton, proton-neutron and neutron-neutron 
eeu 7 he I ER M a positive charge (n+), a negative 
charge (x) or no charge (r°). These n-mesons are conti 
exchanged as follows : ntinuously 
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Ja Dre 
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X- i aee y 
n ne n pe 


All mesons are very unstable outside the nucleus. 
An atom is neutral, why ? 


An electron has a charge equal but opposite in sign to that of 
aproton. Asthe number of protons in an atom is equal to the 
number of electrons, the total positive charge in the nucleus is equal 
to the total negative charge of all the electrons in the atom. Hence, 
an ordinary atom is electrically neutral. 


Consider an oxygen atom. It has 8 protons in the nucleus and 8 
extra nuclear electrons. 


.. Total positive charge— +8 
Total negative charge — — 8 
-. Net charge=+8-+(—8)=0. 


Defects in Rutherford’s Model : 


(i) According to Maxwell’s theory, a charged particle moving 
under the influence of an attractive 

= ' force must emit electromagnetic 
electron radiation continuously. In giving 

out radiation an electron, which 

is a negatively charged particle, 

should continuously lose energy: 

Its orbit should, therefore, become 

steadily smaller, and in a UM 

short time (nearly 107? second) 

itshould collide with the nucleus 

But we know that atomic electrons. 

nucleus do not behave in this way. 


(ii) Ratherford’s model does not explain the existence of line 
Spectra. 


Bohr’s Theory : 


j To overcome the anomalous position of the Rutherford's model, 
Niel’s Bohr proposed some postulates : 


ATOMIC STRUCTURE 7 


(i) An atom possesses several stable circular orbits in which an 
electron can revolve. So long as an electron stays in a particular 
orbit there is no emission or absorption of energy. These non- 
radiating orbits are called stationary orbits. 

(ii) An electron can jump from lower energy level to a higher 
one on absorption of energy, or from higher energy level to a lower 
one on the emission of energy. ý 

The absorption Or emission of energy takes place in a fixed 
amount, the smallest being one nz4 


quantum. Hence, 
E,—E,-— hv curro MENS 
3 nz 
S “SS 14=8-58 


where, v is the frequency 
of emitted or absorbed light E Gn 


and (E,—£,) is the energy- nz2 "fgz4-8A 
difference between the two ALGO SS P io 
levels. ín general, transitions Dat 221A 

1 —N EL 
of electrons from one orbit to hz0:53A* 
another occur in integral multi- 
ples of hv. In other words, it ? 

P nucleus 


is said that energy is quantised. 
Quantisation means that a quantity does not vary continuously. 


(iii) The angular momentum of an electron moving in am orbit 


is an integral multiple of A That is, 


myr Enh 
2n 


where, n=1, 2, 3, 4,....for the orbits numbered 1,2, 3, 4,.. .. 
from the nucleus and h is the Planck constant. 


Radius and Energy of an Orbit : 


Let us consider a circular orbit 
of radius r, and the linear velocity 
of an electron y, the mass of the 
electronsbeing m. For an orbit to 
be stable, the centrifugal force pro- 
duced by the moving electron must 
be equal to the attractive forces 
between the nucleus and the electron. 


E 


C$ (m.el 


2 


my“ 


Centrifugal force= 
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mw? e ea e (i) 
"d r m mr 


Now, according to the third postulate, 


myr= m 
2x 
ot y= nh? SOM S 
4n? m?r? 
T et nh nh? 
b. = 3 or r=- 
mr 4n? m?r? 4n?e*m 


ses is 
For a particular atom, all quantities on the R. H. S. except ^ 1 
constant. Hence, 
rocn?, 
In other words, the radii of successive orbits are proportional to 
the squares of the integers 1, 2, 3....etc. These integers are 
the Principal Quantum Numbers. 


Total energy of the electron : 


Total energy — K. E.--P. E. 


1t asp cguewNeM . e? 
PPAR y Dr AQUAE 
Substituting the value of r, 
Ea 8 .4stme? 22?me* 
2. nh nh? 
x 1 
1:6: Ec P 


Thus, for a given orbit the value of energy will remain constant. 
Merits and Demerits of Bohr's Theory : " 


(i) Bohr’s theory explains successfully the spectra of simple 
one-electron systems, such as H, He*, Li** etc. 

Gi) Electronic transitions as predicted by Bohr's theory closely 
agree with those obtained experimentally by Rydberg. 

(iii) The radius of the first orbit in hydrogen atom calculated 
from Bohr's theory is found to be in good agreement with the mo 
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probable radius of the ground state predicted by Schrodinger wave 
model. 

But the theory fails to explain the spectra of more complicated 
multi-electron atoms. 


Bohr-Bury Scheme of the arrangement of electrons in various orbits 
of an atom : 


The orbits in an atom are arranged circularly around the nucleus. 
The orbit nearest to the nucleus is called the first orbit (n—1) or 
K-shell, the next to this is called the second orbit or the L-shell for 
which z—2. Similarly, orbit numbers n—3, n=4, n—5 etc. are 


designated as M, N, O, P, Q shells respectively. The number of 
electrons in these orbits is ascertained by Bohr-Bury scheme. 
According to this scheme : 
(i) The maximum number of electrons in an orbitis determined 
by the formula 2n°, where n is the orbit number. Thus, 
maximum-number of electrons in the 1st orbit=2n?=2x 1?=2 
2nd ,, =2x2?=8 
» » 3rd , -—2x3?-—18 
» » 4th , -22x4?-32 
(ii) The maximum number of electrons to be accomodated in the 


outérmost orbit cannot exceed 8, and the orbit preceding the outer- 
most orbit (penultimate orbit) cannot contain more than 18 electrons. 


(ii) The outermost orbit and the penultimate orbit cannot 
contain more than 2 and 9 electrons respectively unless the orbits 
preceding them are satisfied by rule (i). 


» » 


In the light of this scheme the diagrammatic arrangement of 
electrons in orbits are given below : 
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Heisenberg’s Uncertainty Principle : 
According to this principle, the simultaneous determination of the 
position and momentum of an electron is impossible. 


The product of uncertainties is equal to or greater that the 
Planck's constant ‘/’, i.e, 

h 

AX. z—. 

Aye 


where, Ax is the uncertainty in the determination of position, 
and Ay is the uncertainty in the dertermination of momentum. 


This principle is now regarded as the fundamental principle of 
nature. 


Wave Mechanical Concept of Atom : 


Louis de Broglie (1923) introduced a new concept that electron 
possesses boíh corpuscular and wave character. 


E=hv. 
Also, E=mc?, where c — velocity of light. 


s. hy 2 mc?, or 26 me's (7 c=Ay) 


h 
or — = mc. 
À 


For an electron let the velocity be v. Then, 


h _ my = p, where p is momentum of the electron. 


sai fte 
p 
This is de Broglie equation showing the particle as well as wave 
character of electron. 
In wave mechanics the complete definition of an electron is- 
given by a mathematical function called the wave function and 
the wave function of an electron is called an orbital. 


Quantum Numbers : 


Heisenberg, Schrödinger and Dirac (1925) developed a theory 
which governs the mechanics of a small particle like electron. This 
theory is called quantum mechanics or wave mechanics, 


According to quantum mechanical theory of the atom a total of 
three quantum numbers, n, 7 and m is needed to specify the physical 
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state of the electron in a hydrogen atom. The role of the fonr 
quantum number, i.e. the spin quantum number(s) to specily bé 
orientation of the axis of spin of the electron is also to 
‘considered. 


(1) Principal quantum number (n)—This gives an idea GE 
number of main energy levels in which the electron resides. E 
denoted by m. The energy of transition of the electron from 
circular orbit to another depends upon the value of n. 

The value of n gives information about the energy of the poco. 
and the size. Large means large size. n can have any integ 
value 1, 2, 3, 4, etc. between 0 and co. 


As n increases, the energy of the electron increases. The energy 
of an electron is expressed as 


pate 2n? me'z? 
iE nh? 


(2) Azimuthal quantum number (/)—Sommerfeld pepe e: 
second quantum number called azimuthal quantum ene idea 
describe the ellipticity of orbits. It is denoted by / and it gives olat 
regarding the shape of the orbital. It arises due to the orbital ang 
momentum given by : 


(n=Principal quantum number). 


myr — 4/1 TED 


The azimuthal quantum number has the value from 0 to (n5 De 
Thus, / can have n different values, where n is the numbe 
the principal shell. 


When n=1, 1=0, i.e. one subshell, 

When x=2, 1—0, 1, i.e. two subshells. 
When n—3, /=0, 1, 2, i.e. three subshells. 
When n=4, [—0, 1, 2, 3, i e. four subshells. 


The subshells corresponding to 1—0, 1, 2 and 3 are called s, p; d 
and f subshells respectively. 


The energy content of the subshells of a given shell increases in 
the order, s< p< d« f. 


(3) Magnetic quantum number (m)—The subshells defined by 
definite n and / values in the presence of a magnetic field are further 
sub-divided. The sub-divisions are denoted by a third .quantum 
number, known as magnetic quantum number, denoted by m. 


This quantum number actually defines the orientations of the 
subshells in space. 


mcan have any integral value from —/to +/ including 0. 
‘Thus, the total possible values of m will be (2 /-+-1). 


| 
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[£277 072m 0* 

SO 19 775 SSIMONEISIE 

IATER Ep E 2M O E O: 

» 153, m2 —3, —2, —1, 0, +1, +2, +3. 


All the possible orientations corresponding to /—3 are shown 
in figure given below : 


magnetic field 
1 


:3 


(4) Spin quantum number (s)—It has been assumed that each 
electron spins around its own axis like atop, thus behaves like a 
small magnet. A spinning electron can have only two possibilities. 
The electron can either spin clockwise or anti-clockwise. 


anm 


(ciockwise) ( anti-clockwise) 


The two directions of spin are usually represented by arrows 
pointing upwards (+) or downwards (4). In order to account 
for the energy originated out of spinning of the electron, a fourth 
quantum number, known as spin quantum number (s) has been 
proposed. 

Spin quantum number is independent of the other three quantum 
numbers, n, l and m. s can have two possible values +4 or —4 
depending on the direction of spin. The spin angular momentum 
is given by : 


ceu 
«ss TU 
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Quantum numbers of Electrons 


TES Azimu- : Number 
Principal ; Spin i Total 
Bund thal Magnetic quantum quantum of elec number 
ô quantum number trons, in of 
number | number | (m) number | each dectrons 
@ @ | (s) subshell SI MAS 
NEL | Number | 
ctos. and 
-copicsign Symbol 
"KO s| 0 +4,-4 2 2 
2. y ES 0 ze) 2 
i MN 31,0, —1 +a] 6 B 
3 Mj0 s| 0 +4,—-4 2 
I 
p p *-1,0,—1 thst 6 
| 
2 d | +2, +1, 0, —1, —2 +4,-4 10 18 
4 N|\0 s 0 +4,-4 2 
ME +1,0, -1 +h-+\ 6 
T +2, +1, 0, —1, —2 +4,-4| 10 
1 . 
3 f| +3, +2, +1,0, —1, —2, 3| +4,-4 14 32 


Atomic Orbitals : 


. The path of an electron around the nucleus cannot be described 
in terms of orbits. An orbit means a definite path which is not 
correct in the light of the uncertainty principle. The motion of 
electrons around the nucleus is described in terms of a set of mathe- 
matical expressions which allow for the dual behaviour of electrons. 
These expression are called orbital wave functions or simply orbitals 
denoted by the symbol ¥. 


In the physical sense, an 
orbital is a region In space 
around ihe nucleus 12 which 
there is the maximum proba- 
bility of the electron ui 

i B located. This region is 2 
BET orbital of negative LUN 


However, it is difücult to depict the picture of an orbital. 
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Subshells and Orbitals : 


The s-subshell (i.e., when /—0) has only one possible orientation 
| (i.e., m has only one value) in space. This means that s-subshell 
| has only one orbital and that is s-orbital. It is sphericall 
symmetrical about the nucleus. The size of the s-orbital depende 
upon the value of the principal quantum number (n). 


For p-subshell (i.e., when /=1), m has three values (4-1, 0, —1). 
&ZTherefore, p-subshell has three possible orientations. This means 
that p-subshell has three orbitals. These orbitals are designated as 


Da, py and pz. 


Inthe d-subshell (i.e, when /—2), m has five values (+2, +1, 
0, —1, —2). Therefore, d-subshell has five possible orientations. 
This means that d-subshell has five orbitals, being designated as 
day, dzo: dy; dzy and d?*. 

The f-subshell (i.e., when 7=3) has seven values for m (4-3, +2, 
4-1, 0, —1, —2, —3). Therefore, f-subshell has seven possible 
orientations. This means that f-subshell has seven orbitals. The 
designation and shape of these orbitals being complicated, would 


not be discussed at this stage. 
Pauli’s exclusion principle : This principle is stated as : 
No two electrons in an atom can have all the four quantum numbers 


identical. 
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The principle has been found to be very useful in determining 
the maximum number of electrons in each shell. 


Let the azimuthal quantum number be /. 
Possible values for magnetic quantum number =(2/-+1). 
Now, / can have values ranging from 0 to (n—1). 


Hence, total number of electrons in a given shell 
l=n-1 
=> 202/41) =2n? 
1-0 


Maximum number of electrons corresponding to n=3 is 
= BOUE 10+ [220+ Ia 4-D(2L-4- 1] 
=2+6+10=18 


The configuration of He(2) can he shown by any of the following 
two ways, A and B. 


o 
oo- 


The configuration as shown in (A) is incorrect because both the 
electrons have the same set of quantum numbers which is contrary 
to Pauli’s principle. In (B) the configuration is correct. In this case, 


the two electrons have n, land m always the same but have different 
S values. 


As a consequence of this principle, two is the maximum number 
of electrons permitted in an s-orbital, six in the three p-orbitals and 
10 in the five d-orbitals. This can be shown as : 
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Hund's Rule: The electrons may be arranged into boxes. Each 
box represents an orbital. Thus s, p and d orbitals are shown as,. 


Ei P a AUS) 
[3 ET Tess esit o a 
re of identical energy. Similarly, the five d 


orbitals are of equivalent energy. Such orbitals are called *degene- 
rate orbitals’. According to Hund’s rule, One electron is placed | 
in all orbitals of equal energy (degenerate orbitals) before two : 
electrons are placed in any one of the degenerate sef and the electrons 
in the singly occupied orbitals have parallel spins. ; 


rons are to be added p- -orbitals, there are two possible 


The three p orbitals a 


If two elect 
ways. 
INTR. CHEM.-2 
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Pe P, Py Pe P, P 
ore eeu ] 


The first arrangement in which the two electrons occupy the same 
orbitalis not permitted by Hund’s rule, The second arrangement 
satisfies the rule, and hence it is correct. 

The arrangement of électrons in orbitals in some of the atoms 
in the ground state is shown below : 


19*372$ 


H(1) 5 He(2) ; Lia) 
2 

Beo [ir] [1t] "EESTI A 

«e RICH tT 

ONNEJEDIRNENEE 

oc EE EE RTT] 


YSI 25 


2p 
Ko [rv] m] epe ] 


IS ^ 25 


2p35 s 
Neto 7] [19] (TE TH ETT] * 


The combination of up and down spins (11) is commonly called 
pairing of spins, 


Aufbau Principle or Building-up Principle : 


According to this principle, electrons are put into orbitals in order 
of the energy of the orbitals. The lowest energy orbitals are filled 
first before electrons are placed in higher energy orbitals. 

The correct sequence of energy levels is derived on the basis of 
the following rules : 


(i) The orbitals which have the lowest value of (n+1) are the 
first to be occupied by electrons, 
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(ii) In case, the two orbitals have the same (n+1) value. the one 
with the lower 7 is occupied first. 


n i (n+) - orbitals 
1 0 1 ls 
2 0 2 25 
2 1 3 2p 
3 0 3 3s 
3 1 4 3p 
3 2 5 3d 
4 0 4 4s 
4 1 5 4p 


(n-+1)-value for 4s is smaller than 3d, hence 4s is ‘first? filled up 
before 3d. 


The order of orbital energy is now established as, 


Is «2s «2p «3s <3p <45s—<3q <4p «5s «4d «5p 
«6s «4f «5d «6p «7s «5f. ` 


This order is valid only ‘for elements of. lower atomic numbers. 
For elements with atomic numbers greater than 90, the following 
sequence holds : 


ls «2s «2p «3s «3p -3d' 24s «4p «4d <df <5s 
«5p «5d «5f «6s «6p «6d «7s <7p. 


Screening Rule : This rule states that electrons filling the inner 
Shells produce the Screening effect on the outer electons against 
attraction by the nucleus. For this reason, every ns orbital is filled 
earlier than the corresponding (7—1) d orbital. Also, 5s, 5p and 6s 
orbitals are filled earlier than 4f orbital. 


Deviations from Aufbau Rule ; 


Some deparature is Obviously marked from the Aufbau rule, 
"The departure comes in when d orbitals are either almost full 
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as in the case of Cu, Pd, Ag, Pt and Au or half-full as in Cr and 
Mo. These cases can be explained by the fact that completely filled, 
completely half filled and completely vacant arrangements are more 
stable than any other. Thus, dë and d?? configurations are more 
stable than dê, d? and d®, Consider the configuration 4d*, 5s? as 
Shown below : 


4d - 55 
"TTG 


If one electron moves from 5s to 4d the arrangement becomes : 


4d 5s 
EE 
In this the 4d is completely Ralf-filled. Hence this arrangement 
is preferred over all others. 


Electronic Structure: The chemical behaviour of an atom is 
mainly controlled by its electronic structure. The term ‘electronic 
structure’ means : 


(i) number of electrons, 
(ii) the distribution in space around the nucleus of these electrons, 
and 


TNNT 


(iii) the relative energies of these distributions. 


Element Electronic Structure 
Na (11) 1s? 25? 2p9 3s 
CI (17) 15? 2s? 2p* 3p® 


Electronic Configurations of Elements 


At. | K | z | M N o P | Q 
No. | 1s j| 2s 2p|3s 3p3d | 4s 4p 4d 4f | 5s 5psd 5f |6s 6p6d| 79 
i | | 
H 1 1 | | | 
He 2 2] | | 
Li 3 CRAIG kl 
Be Zl AN2 AA | 
B 5 2284 
C do MOX? 2| 
N 7 Ex dE 
o 8 243254 
F 9| 2 E 5 | 
gy | 
cet EM be EN hel anh d fien o ^. EVE ES IR il Pt 
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` Ground State Electronic Configuration of Elements 
An atom in its lowest energy state is said to be in the normal 
state or the ground state. 


H (1) Ist 
He (2) 1s? 2s 2p 
Li (3) 1s? 2st EES 
Be (4) 18225 EL 
B (5) 1s? 2s? 2p! 
C (6) 1s? 2s? 2p* 
N (7) 1s? 25° 2p? 
O (8) 1s? 2s? 2pt [NI*I*] 
F (9) 1s? 25 2p5 CIMER, 
Ne (10) 1s? 252 2p° ^T 
3s 3p 
Na (11) [Ne] 3s* (ec) reali} 
Mg (12) [Ne] 3s? (as Re | 
AI (13) [Ne] 35? 3p 
Si (14) [Ne] 35? 3p? 
P (15) [Ne] 35? 3p? 
S (16) [Ne] 3s? 3p* 
Cl (17) [Ne] 3s? 3p5 
Ar (18) [Ne] 3s? 3p* 
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Ti Ga mm] K (19) [Ar] 3d° 4st 
» A n il ed | Ca (20) [Ar] 34^ 4s? 
Sc (21) [Ar] 3d! 4s? 
Ti (22) [Ar] 3d? 4s? 
V (23) [Ar] 3d? 4s? 
| Cr (24) [Ar] 3d5 4st 


t 


Gao "7 Mn (25) [Ar] 3d5 4s? 
Fe (26) [Ar] 3d* 4s? 
Co (27) [Ar] 3d 4s? 
Ni (28) [Ar] 3d* 45? 
Cu (29) [Ar] 3d! 4st 
Zn (30) [Ar] 3d" 4s? 
Valence Electrons-:-The number of electrons in the outermost 


Shell of an atom determines the maximum valency of the element. 
These electrons are called valence electrons. 


Core Electrons : The electrons occupying the inner shells preceding 
the outermost one are called core electrons. 


For example, in the Na atom there is only one valence electron, 
but there are 10 core electrons, 
Na (11) 152252259351 
NUBE 
Core electrons — 10 
The valence electrons take part in all chemical reactions and they 
determine the chemical reactivity of the element. 


Kernel: The nucleus plus the low-energy electrons, except the 
electrons in the outermost shell, that are never affected by a 
Chemical change, is called the *Kernel' of the atom. 
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‘Magnetic Properties of Atoms : 


Atoms exhibit magnetic properties. There are two kinds of 
magnetism : 7 

(i) Diamagnetism and (ii) Paramagnetism. 

Diamagnetism—Atoms, ions or molecules containing only paired 
electrons or completely filled orbitals exhibit diamagnetism. For 
example, Ca atom and Ca** ion both are diamagnetic because all 
their electrons are paired. 


1s 2s 2p 3s 3p 4s 


Ca(20) 


is 287572 3s 


p 3p 4s 
Catt ommi 


With paired electrons the spin and orbital magnetic effects are 
completely cancelled, Hence, electron pair becomes unresponsive 
to an external magnetic field. 4 

Paramagnetic—Atoms, ions or molecules containing unpaired 
electrons exhibit paramagnetism. - For-example, Na atom is para- 
magnetic. : 


is 2s 


2p 3s i 
Natı) s 


With unpaired electrons the spin and the orbital magnetic effects 
are not completely cancelled. Hence, in an externally applied 
magnetic field, the magnetic moments of such atoms are aligned 
in a particular direction. 

The greater the number of unpaired electrons in an atom, the 
greater is the paramagnetism. 

Atoms with odd atomic number have atleast one unpaired 
electron. itr 


Determination of Quantum Numbers for an Electron : 


In order to completely identify an electron all the four quantum 
numbers (n, /, m, s) are needed, The following guidelines should be 
adopted to know the values of n, /, mand s for an electron : 

(i) Write down the electronic configuration of the atom, and 
get the values of z and / directly. As an example, . 

os 1s?2s22p* 
Suppose we have to know the values of » and / for the last electron. 
Evidently, the last electron lives in the p-subshell. Thus, for this 
electron, n=2 and /—1. 
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(ii) The values of the magnetic quantum number is determined. | 
from the value of / for the electron. | 
When /=0 (i.e., p-subshell), m=0 
This means that both the electrons in the s-subshell have 
m=0. H 
When /=1 (i.e., p-subshell), m=--1, 0— 1. 


p 
l=1 
m= o A U o au 


Thus, for the first and the fourth electron the value of m— 1, for 
the second and the fifth electron m=O, and for the third and the 
sixth electron m— — 1. 


When / —2 (i.e., d-subshell), m— +2 4- 1,0— 1. 
A d 
l=2 
UTNE 71 SSO =i ES) 
The values of m for all the 10 electrons are given below : 


Electron m 


number 

1j Gai yE? 
2, T. | +1 
3, 8 0 
4,9 -1 
5, 10 —2 


The evaluation of m for electrons in the f-subshell can be done 
similarly. 


(iii) We know that an orbital can accomodate a maximum of 
two electrons having opposed spin, Hence, the values of the spin 
quantum number(s) for the electron spinning clockwise and that 
spinning anti-clockwise are given as +4 and —4 respectively. 


Examples : 1. Find the values of quantum numbers for all the 
electron in Ne(10). 


ls 2s 2p 5 


Solution : 
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SNe ————— T —————M——Á—H982Ó 
Quantum Number 


Electron 
Number 
n L m s 
1 1 0 0 
ya 1 0 0 p 
3 0 
4 2 0 0 Rr 
5 2 1 +1 +4 
6 2 1 0 +4 
7 2 1 —1 LE 
8 2 1 1 Cg 
9 2 1 0 MET 
10 2 1 = Uu 


2. Find the values of all the quantum numbers for the valence 
electron in Na(11). 


1s 2s 2p 3s 
Solution : Ty valence 
ms O oe Soe) 0 electron 


The last electron is in 3s. Hence, 
n=3; l=0; m=0; s=+4 


Some Illustrative Problems : 
1. An atom of an element contains 13 electrons and 14 neutrons. 
Find the mass number and atomic number of the element. 


Solution : Mass number = Number of protons+- Number of 
neutrons. 


—Number of electrons-+-Number of neutrons = 132-14 227. 
Atomic Number = Number of protons. 
— Number of electrons —13. 


2. The atomic number of an element is 16 and its atomic mass 
is32. What will be the atomic structure of the element ? ; 


Solution : Atomic number — Number of protons 
— Number of electrons= 16. 
Number of neutrons — Atomic mass— Atomic number 
—32-—16- 16. 
3. Write down the electronic configuration of the following: 


elements : 
(a) Cr (24), (b) Cu Q9), (c) Ag (47). 
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Ans. (a) Cr (24) : 1s? 2s? 2p$ 3s? 3p9 3d5 4s* 
(b) Cu (29): 1s? 2s? 2p* 3s? 3p% 3d!? 4st 
(c) Ag (47) : 1s? 2s? 2p9 3s? 3p® 3d 4s? 4p9 4d! 5s} 
4. Write all the four quantum number for all the 3p? electrons. 


3p 
li 432. 945: 79 146 


[uan 


All'the six electrons are as labelled above. For all the electrons 
&—3 and/=1 


Electron 
Number 


5. Determine all the four quantum numbers for the last electron 
entering the C/ atom 


Ans. The pictorial representation of C/ (17) atom is as follows : 
is 2s j 


2b 3s es 3b 
een [5] [s] 
TE = 


The last electron is in 3p and indicated by a downward. 
dotted arrow line at the end. 


Thus, n=3,/=1,m=~1 ands=—4, 


6. Write the names of orbitals for which (a) n=2, 1 0; (b) n=2, 
41=1; (c) n=4, 1=3; (d) n=4, ]=4, [22 and (e) n=4, /=1. 

Ans, (a) 2s, (b) 2p; (c) 4f. (d) 4d and (e) 4p. 

7. The nucleus of an atom of an element contains 20 der 
and 20 protons. What will be the atomic weight, atomic E E 
and valency of the element ? (LI.T. Entrance Exam. 

Solution : Mass number (or atomic weight) 

=Number of protons+Number of neutrons =20+20 =40. 
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Atomic number — Number of protons —20. 
Electronic configuration : 1s? 25? 2p 35? 3p 4s? 
.. Valency=2 


8. An element 4 has atomic number 10 and atomic weight 20, 
while another element B hasatomic number 19 and atomic weight 


39. Give : 
(a) Their position in the periodic table. 
(b) The arrangement of electrons in the extra-nuclear structures 
of their atoms. 
(c) The number of neutrons in the nuclei of their atoms. 


(d) What type of valency these elements exhibit ? 
(LIT. Entrance Exam.) 


Solution : 


(A) Atomic number — 10. Atomic weight —20 
(B) Atomic number=19, Atomic weight —39 


(a) Position of A in the periodic table is O Group. 
Position of B in the periodic table is I Group. 


(6) Arrangement of electrons inA :2,8 
Arrangement of electrons in B : 2, 8, 8, 1. 


(c) No. of Neutrons in A= 10 
No. of Neutrons in B —39 — 19 — 20. 


(d) A will exhibit zero valency, while B electro-Valency. 


9. A rifle bullet of 222 107? kg is shot with a velocity of 3x 107» 
sec-1, Calculate its de Broglie wavelength. 


Jta Planck constant 
p momentum 


= 6°6 x 107 
22X10 x 3 x 10? 
=1x10-%m. 


10. Calculate the uncertainty in velocity (A) of an electron, if the 
uncertainty in its position (Ax) is 2x 10-1m (2 angstrom unit). 


Solution : X= 


Solution : 


AX. aya 
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Questions 
Long Answer Type : 
4. Describe the modern concept of the structure of atom. (B.U. 1972A) 
2. What is Rutherford’s atomic model ? What are the defects in Rutherford's 
nuclear theory ? 
3. Describe Bohr-Bury scheme for the arrangement of electrons in shell. 
(M.U. 1974A) 
:4. Explain what you understand by the term atomic number. "Atomic number 
is the fundamental property of an atom", justify this statement. 
5. Name the fundamental particles constituting the atom and give their relative 
and absolute masses and charges. 
. Write notes on electron, proton and neutron. How arethe numbers of these 
particles related to atomic number and atomic mass ? 
‘7. Discuss briefly the waye and particle nature of light. 
8. What was the objection to Rutherford's model of the atom ? Discuss the 
solution proposed by Bohr to overcome this objection. 
9. What do you mean by quantisation of energy ? Explain how Bohr used the 
quantum theory to postulate a stable atom. 

10. Name the four quantum number which are needed to define completely the 
state of an electron. What is meant by Pauli’s exclusion principle ? 

11. State Pauli’s exclusion Principle. Explain how this principle has been used to 
determine the maximum number of electrons in a quantum shell. 

12. State and explain the rules which govern the filling of electrons in various 
subshells in an atom. On the basis of these rules write the electronic con- 
figurations of the following elements : 

Sc (21), F (9), AI (13), S (61), Ar (18). 

13. Write short notes on : 


C) Hund's rule, (ii) Heisenberg’s uncertainty principle, (iii) Aufbau principle. 
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14. A neutral atom has a ground state electronic configuration 15225?2p*3523p*, 
Deduce as many of the following as yoü can from this information only : 


(a) the atomic number of the element, 

(b) the atomic weight of the element, 

(c) the number of electrons in the valence shell, 
(d) the number of unpaired electrons in the atom. 


15. Draw the electronic structures of the atoms of the elements having the 
following atomic numbers : 


7, 10, 29, 33 and 42. 


16. Find the numerical values of the 7, /, m and $ for the last electron in the 
ground state of the following atoms : 


Ne (10), Si (14), CI (17) and Mn (25). 
47. How does the size of an atom vary when it changes to anion or to cation ? 


Short Answer Type : 
1. What is difference between an orbit and an orbital ? 
2. Explain what is meant by a shell and a subshell. 
3. Why is the Bohr theory incompatible with the uncertainty principle ? 


4. In the Bohr model of the atom, what forces are involved in holding an 
electron in its orbit ? 


‘5, How would you distinguish the Bohr model and the wave mechanical model 
of the atom ? 


6. Define atomic number. 
7. Define the term atomic mass in terms of the fundamental particles of the atom. 
‘8, What is difference between s-orbital and p-orbital ? 
9. Show that the maximum number of electrons in the M-shell is 18. 
40. Give the shapes of p-orbitals, 
11. Determine the number of protons, neutrons and electrons in the atoms of 


C? and CM, Give the electronic configurations also (1.1.T. 1977) 

12. What is Hund's rule? Explain. (B.U. 1979A) 
13. What informations are obtained from the magnetic quantum number ? 

(B.U. 1979A) 


14. Explain Pauli’s principle with reference to He configuration. (B.U. 1978A) 
15. What are valence electrons ? 


16. Give reasons for the fact that the energy of the 1s electron is less than that 


of the 2s electron of the same atom. (B.U. 1978A) 
17. Write the electronic configurations of A++; B- and C. (Atomic numbers 

of A, B and C are 12, 17 and 18 respectively.) (B.U. 1979A) 
18. 


The atomic number of an atom is 8 and its atomic weight is 16. Find out 
(a) the number of neutrons in the nucleus of the atom, (b) its probable 
oxidation number, (c) its outer electronic configuration and (d) Whether it 
is a metal or a non-metal. (Bombay F. Yr. 1974) 
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19. An atom has the electronic configuration 1s? 2s? 2p'z 2p*y 2p*; 3s? 3p*x 
3p*y 3p*z 4s*. What is its atomic number ? (Pb : Pre. Engg./Pre. Med. 1974) 


20. To which element do each of the following electronic configuration. 


corresponds ; : 
(a) 1s°2s1, (b) 1s?2s?2pl, (c) 1s?2s:2p!, (d) 1225?2p?, (e) 1s*2s?2p', : 
(f) 15225?2p*, (LI.T. Entrance Exam.) 


21. Identify the atoms having the following configurations : 


1s. 2s 2p 


ai» [tv] 
cin [Av] 


22. Name the scientists who gave the relationships. : 
i h $ i» noni 
(i) Ax. Ayz ax (i) E=hv, (iii) v= mus. 

23. Explain why : 

(i) Cr has the outer electronic configuration 4s! 3d* and not 4s? 3d‘. 

(ii) Cu has the outer electronic configuration 451 3d19 and Hot 45? 3d^. 

(ii) K has the electronic configuration lfs 2s? 2p* 3s? 3p* 4s! and not 

15? 25? 2p* 35? 3p* 3d1, 

24. Explain why half filled and completely filled orbitals have extra stability. 


Objective Questions : 


(A) To each question below four answers are given, of which only one is correct. 
Choose the correct answer : 


1. In thé compound of an element whose atomic number is 11, the valency of 
the element is : 
OL  G)0-2,  (i)-1; ~ (iv)-2. 
2. To which of the following electronic configurations does an atom of Ca 
correspond to 
(i) 15^ 25? 2p? 35%, (ii) 1s*2s?, (iii) 1522s? 2p*, (iv) Ls? 2s? 2p* 35? 3p? 4s*. 
3. The atomic weight of an element is 23 and its atomic number is 11. The 
number of neutrons in the nucleus of an atom of the element is 
(i) 23, (ii) 11, (iii) 12, (iv) 34. 
4. The atomic number of an element is equal to 
(i) the number of an extranuclear electrons. 
(ii) the number of protons in the nucleus. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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(iii) the number of neutrons in the nucleus. 
(iv) the number of valence electrons. (Engg. Adm. Test) 
If the main quantum shell is denoted by then the, maximum number of 
electrons to be accomodated in this shell will be 

d)m (di) 273, Gi) m8, (iv) m (Engg. Adm. Test). 


. The efectrons first fill up in 


(i) s-orbital, (ii) p-orbital, (iii) f-orbital; (iv) d-orbital... .(R.U. 1977A), 


. Which are'the fundamental particlés of an atom ? 


(i) Electron, Positron and Neutron. 

(ii) Electron, Proton and Neutron. 1 z 
(iii) Proton, Meson and Antiproton. 

(iv) Antineutron, Antiproton and Electron- 


. Which of the following is the heaviest particle ? 


(i) electron, (ii) proton; (iii) neutron, (iv) meson. 


l Which of the following has got no neutron ? 


Mc Go, GiM,  v)H. 


. The number of protons in the nucleus of an atom is called its 


(i) mass number (ii) atomic number: (iii) atomic weight 

(iv) equivalent weight; 

The sum of the numbers of protons and neutrons in the nucleus of an atom 
is called its 

(i) avogadro’s number (ii) mass number , (iii) molecular mass. (iv) avogram. 
The total number of neutrons present in the divalent calcium ion (Z—20) 
having mass number 42 is ij 

(i)20 dii)21 đii)22 (iv) 18. 

An atom with atomic number 18 and mass number 40 will have the 
following number of protons (p), electrons (e) and neutrons (n) : 

(i) 18p, 18e, 22n 7 

(ii) 18p, 18e, 40n 

(iii) 22p, 18e, 18a 

(iv) 22p, 22e, 18n. 

The fundamental particle responsible for keeping the nucleous together is 

(i) meson (ii) antiproton (iii) positron (iv) antineutrons À 

The maximum number of electrons in M shell is 

(i) 2 (ii) 8 (iii) 32 (iv) 18. 

The maximum number of electronsiin any orbit is determined by 

()2n  (i)m qi)2n* diiy) 222m. 

Which of the following represents the arrangements of electrons for an 
element with atomic number 26 2... : 

(02,8,16; .(8)2,8,8,8; . (1) 2, 8 15, 5, iy) 2, 8, 24, 2, 
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“T8. The shape of s-orbital is 


(i) Dumib-bell, (ii) Spherical, (iii) Cylindrical, (iv) None of the above. 
39. An 1s-orbital is described by the following values of quantum numbers : 
()2—0,/1—0;  (i)n-0,I—1; (ii)n=1, I=1; (iv) n=1, [=0. 
20. Which of the following represents the values of n, / and m for the last 
‘electron in chlorine atom ? 
@)n=3,1=1,m=0; (ii) n=3,1=2,m=0; | (iii) n=3, I-1, m=+1; 
(iv) u2=3, J=1, m=—1, 
21. Name the clement having electronic configuration. 152 252 2p* 3s2 3p? 
(i) Carbon, (ii) Magnesium, (iii) Aluminium, (iii) Silicon. 
.22. In an atom of an element 2K, 8L and 2N electrons are present. The total 
number of s-electrons will be 
fi) 2, (ii) 4, (iii) 6, (iv) 8. 
:23. An element has the electronic configuration 1s? 2s? 2p* 3s? 3p*. The number 
«of valence electrons will be 
4i)2, (ii) 3, . (üi)4, . (iv) 6. 
24. The principal quantum number indicates 
G) the size of the orbit, (ii) ellipticity of the orbit, (iii) orientation of the 
Orbit; (iv) none of these. 
25. It is impossible to know simultaneously the position and the velocity of an 
electron. This statement is known as 
(i) Pauli’s exclusion principle. a 
(ii) Heisenberg’s uncertainty principle. 
(iii) Hund’s rule. 
(iv) Aufbau principle. 
26. An oxygen atom contains 
(i) 4 neutrons and 8 protons. 
Gi) 8 protons and 2 neutrons. 
'(iii) 8 protons and 16 electrons, 
«(iv) 8 protons and 8 electrons. 
«v) 16 protons and 8 electrons. (P. M. D. T. 1976) 
27. Chloride ion has the following number of electrons in its outermost orbit : 
4)1l,  (i)2,  (ii)4, v)7, | (v)8. 
28. An atom has the electronic configuration 15? 2s? 2p* 3s? 3p* 2d2° 4s* 4p*. 
The most probable valence number for the atom is 
(0—1,  di-F1  (ii)-F2, (iv) —2. 
29. Bohr model of an atom is based on 


@ quantum theory, (ii) Dalton's atomic theory, (iii) theory of electrolytic 
dissociation, (iv) law of mass action. 
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30. Two elements 4 and B having atomic masses 40 and 42 respectively are 
isotonic, If atomic number of B is 20, then the atomic number of 4 is 


(21, (020,  (i)19  (iv)22, (v) 25. 
31. Consider these two electron populations for neutral atoms 
A. 1s? 2s? 2p* 3s1, B. 1s? 2s? 2p* 6s1. 
Which of the following is FALSE ? 
(i) Energy is required to change A to B. 
(ii) A and B represent different elements. 
(iii) B represents an atom in the excited state. 
(iv) Less energy is required to remove one electron from B than from A. 
(A.1.LM.S. and Medical Entrance 1981) 
32. The spectrum of Li* may be expected to be similar to 
(i) H, (ii) Be, (iii) Nat, (iv) He. 
33. According to classical theory, if an electron is initially moving is a circulae 
orbit around a nucleus : 
G) it will continue to do so for some time. 
(ii) it will continue to do so all time. 
(iii) its orbit will continuously shrink. 
(iv) its orbit will continuously enlarge. 
(B) Mark ‘T’ for the true statement and ‘F’ for the false statement in the 
foilowing : 
1. The nucleus of an atom consists of protons and neutrons. (6 ^») 
2. The maximum number of electrons in the d subshell is 8. (05) 
3. The energy of the 3d subshbell is less than that of the 4s subshell. (D 
4. The p-subshell has only one orientation in space, (3) 
5. The number of subshells in an orbit is equal to the orbit number. (2 
4. The simultaneous determination of position and velocity accurately of an 


electron is impossible. €) 

7. Pairing of electrons can be done only when all the available empty orbitals 
have attained at least one electron each. (ur 
Answers : 


(A) 1. (ii) 2. (iv) 3. (iii) 4. (ii) 5. (ii) 6. (i) 
7. (ii) 8. (ii) 9.üv)  10.(i)  — 1L. (d) 12. (ii) 
13. (i) 14.) — 15.üv) 16. (iii) —17.üv) — 18. (ii) 
19.üv) 20.) 21.üv) 22.0)  23.(iü) 24. (i) 
25.üi) 26. (iv) 27. (v) 28.() 29. (i) 30. (i) 
31.(i) 32. (iv) 33. (ii). 
(Dis M2ÀB NOE AES SET Tor ED TIE 


aad 


34 INTRODUCTORY CHEMISTRY 


U8. The shape of s-orbital is 
(Gi) Dumb-bell, (ii) Spherical, (iii) Cylindrical, (iv) None of the above. 
49. An 1s-orbital is described by the following values of quantum numbers : 
()2:—0,1—0;  (i)n-0,1—1; (iii) n=1, /=1;  (iv)n-L1—0. 
20. Which of the following represents the values of n, Z and m for the last 
‘electron in chlorine atom ? 
(i) n=3,1=1,m=0; | (ii)n—3,1—2, m—0; (iii) n=3, J=1, m=-++1; 
(iv) 2=3, J=1, m- —1. 
21. Name the element having electronic configuration. 15? 2s2 2p* 3s? 3p? 
(i) Carbon, (ii) Magnesium, (iii) Aluminium, (iii) Silicon. 
.22. In an atom of an element 2K, 8L and 2N electrons are present. The total 
number of s-electrons will be 
.()2, — (i)4, . (iii) 6,  (iv)8. 
:23. ‘An element has the electronic configuration 1s2 2s? 2p* 35? 3p*. The number 
-of valence electrons will be 
4i,  (1)3, . (ii)4, . (iv) 6. 
24. The principal quantum number indicates 


(i) the size of the orbit, (ii) ellipticity of the orbit, (iii) orientation of the 
Orbit, (iv) none of these. 


25. It is impossible to know simultaneously the position and the velocity of an 
electron. This statement is known as 
(i) Pauli's exclusion principle. 
(ii) Heisenberg's uncertainty principle. 
fiii) Hund's rule. 
(iv) Aufbau principle. 
26. An oxygen atom contains ud 
(i) 4 neutrons and 8 protons, 
(ii) 8 protons and 2 neutrons, 
iii) 8 protons and 16 electrons, 
(iv) 8 protons and 8 electrons. 
(vy) 16 protons aud 8 electrons. (P. M. D. T. 1976) 
27. Chloride ion has the following number of electrons in its outermost orbit : 
4$)1, (02,  (1)4  (Qv)7, (v8. 
28. An atom has the electronic configuration 1s? 25? 2p* 35? 3p* ?d1? 45? 4p*. 
The most probable valence number for the atom is 
()—1,  ()4-1, ii) +2, (iv) —2. 
29. Bohr model of an atom is based on 


G) quantum theory, (ii) Dalton’s atomic theory, (iii) theory of electrolytic 
dissociation, (iv) law of mass action. 
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30. Two elements 4 and B having atomic masses 40 and 42 respectively are 
isotonic, If atomic number of B is 20, then the atomic number of 4 is 
(021, (020,  (i)19 (iv) 228 9 (vy95: 

31. Consider these two electron populations for neutral atoms 
A. 1s? 2s? 2p? 3sl, B. 1s? 2s? 2p? 6s. 

Which of the following is FALSE ? 

(i) Energy is required to change A to B. 

(ii) A and B represent different elements. 
(iii) B represents an atom in the excited state. 


(iv) Less energy is required to remove one electron from B than from A. 
(A.L.L.M.S. and Medical Entrance 1981) 


32. The spectrum of Li* may be expected to be similar to 
()H, (ii) Be, (üi) Nat, (iv) He. 
33. According to classical theory, if an electron is initially moving is a circulae 
orbit around a nucleus : 
G) it will continue to do so for some time. 
(i) it will continue to do so all time. 
(iii) its orbit will continuously shrink. 
(iv) its orbit will continuously enlarge. 
(B) Mark ‘T’ for the true statement and ‘F’ for the false statement in the 
following : 
1. The nucleus of an atom consists of protons and neutrons. €) 
2. The maximum number of electrons in the d subshell is 8. ©) 
3. The energy of the 3d subshell is less than that of the 4s subshell. C) 
4. The p-subshell has only one orientation in space. [a5 
5. The number of subshells in an orbit is equal to the orbit number. € 2 
6. The simultaneous determination of position and velocity accurately of an 


electron is impossible. €) 

7. Pairing of electrons can be done only when all the available empty orbitals 
have attained at least one electron each. CT) 
Answers : 


(A) 1. ii) 2. (iv) 3. dii) 4. (ii) 5. (ii) 6. (i) 
7. (ii) 8. (ii) 9.üv)  10.(i) 11.) — 12. (ii) 
13. (i) 14.0) — 15.üv) 16. Gii) —17.v) 18. (ii) 
19.üv) 20.0) — 21.üv)  22.(ii) 23. (iii) 24. (i) 
25. (ii) 26.00 27. (v) 28.() ^ 29.() 30. (i) 
31.(i)  32.(v) 33. (iii. 
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CHAPTER 2 


THE CHEMICAL BONDING 


The force with which two elements. are held together is knowm 
chemical bond. The atomic properties which operate in the 
formation of a bond are the following : . 
(A) Ionization Potential—The energy required to remove n 
most loosely bound electron from an isolated gaseous atom is called: 
the ionization potential. € 
M: —M* +e, Ist. LP. 
M+ —M*?*-Le, 2nd. L;P. 
M?*- M3*-Le, 3rd, I.P. 
If the I.P. of an atom is small, the electron can be easily removed 
If the LP. is large, the removal of electron from. the atom is mien i 
The 2nd I.P. is always greater than the Ist I.P. This means, de 
the energy required to remove an electron from M*(g) is higher 
than that required to remove the electron from M(g). 
The factors on which the ionization potential depends are : 
(i) size of the atom, 
(ii) charge on the nucleus, 
(iii) Screening effect of inner electron shells and 
(iv) type of electron involved, 
These factors are inter-dependent. 


. , Ina small atom, the electrons are tightly held, but the larger the 
atom, the less tightly are the electro ns held. Thus, the I.P. decreases. 
With increase in size, [n group I of the periodic table I.P. decreases 
as we go down from top to bottom. 

The inner shells of electrons help to screen the outer electron 
from the attraction of the nucleus, 

Greater the effective nuclear charge, higher is the value of ne 
LP. The 2nd I.P. of Na is greater than the Ist one. This is Me 
in Na* ion the effective nuclear Charge is increased. Similarly, me 
lst LP. of Mg> the Ist LP. of Na. This is partly due to f 
increased nuclear charge and partly due to the smaller size o 
magnesium. : 

I.P. also depends on the type of electron involved. The s Pon 
penstrates nearer to the nucleus than p, d or f electrons, and henc 
itis more strongly held. The I.P. decreases in the order, 

s>p>d>f: f À 

(B) Electron Affinity—The energy released when an electron 1S: 

added to a neutral gaseous atom is called the electron affinity. 
X(g)- e-X-(g)-- E,. 
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One electron is usually added forming a uni-negative ion (X^). 
"This repels further electrons and some energy is needed to add ona 
second electron. Hence, the electron affinity of O-~ is negative. 

Electron affinity depends on size and effective nuclear charge. 
Tf the size of the atom is large the added electron will be away from 
the nucleus and the nuclear attraction will be weak and hence the 
energy released will be quite small. That is why, the electron affinity 
of Br is lower than that of CI. 

High value of electron affinity means the element takes up 
electron easily, to form an anion. 

Chemical Inertness of the Noble Gases— The noble gases are; 
He(2), Ne(10), Ar(18), Kr(36), Xe(54) and Rn(86) The electronic 
configurations of these gases are given below.: 


He (Z= 2) [18% 
‘Ne(Z=10) 1s*tas?ape 


ar(z=18) i$ zs plas 
Kr (Z= 36) „15? 2s?2p* asap ad'Plas?ap* 
Xe(z- 54) 15^ 2S?2p* ss?ap*ad'? 4S?4pf4q |ss?Sp$ — 


Rn(Z=86) IS? es?op* as?3p* 3d" 4s?ap* aq at^ 5s* sp* sa" les?ep* 


Tt is seen that the outermost electronic configuration of the noble 


. gases is ns?np* (for He it is 1s*). 


The ionisation potential of the noble gases is very high: So these 
elements have a little tendency to form cations by the loss of elec- 
trons. Similarly, the electron affinity of these elements being very 
small (almost zero) they cannot form anions by the gain of electrons. 
It is thus concluded that the electronic configuration of the noble 
gases is very stable. As there are eight electrons in the outermost 
orbit, it is reasonable to assume that the presence of eight electrons 
‘in the outermost shell of an atom confers extra stability. Such a 
configuration of eight electrons is known as octet configuration. 
This explains the inability of the inert gases to combine with other 


atoms, 


‘Cause of Chemical Combination 


Other elements do not have octet configuration. They tend to 
achieve the octet configuration of the inert gases by gaining or losing 
appropriate number of electrons. It is this tendency on the part of 
the elements to attain the’ noble gas electronic configuration that 


causes chemical combination. 


Modes of Combination 


The chemical combination between two atoms takes place either 
by the transfer of electrons from one atom to another or by sharing 
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of: lectrons between them. This is the basis of chemical combi- 
nation. Thus, the combination of two or more atoms by the redistri- 
bution of electrons (by transfer or sharing) between themselves So 
that all of them achieve the stable inert gas electronic configuration 
of minimum energy, is called chemical bonding. 

Types of Chemical Bonds 


. 
1. Electrovalent or Ionic Bond. 

2. Covalent Bond. 

3. Co-ordinate Bond. 


Electrovalent Bonds—Electrovalent bonds are formed by the 
complete transfer of one or more electrons from one atom to 
another. 

Let us consider the formation of sodium chloride molecule. 
Sodium atom has the electronic configuration 1s? 2s? 3p9 3s. The 
outermost shell contains only one electron. Sodium atom loses one 
electron to attain a very stable electron configuration (ls? 2s? 2p*) 
like the nearest inert gas, neon. 

Na-Nat-e 

Chlorine atom has the electronic configuration 1522s? 2p 35? 3p*. 
It requires only one electron to achieve a stable inert gas configu- 
ration of argon (1s? 252 2p* 3s? 3p*). By gaining an electron C7 
becomes chloride ion (CI), 

- CI - e CI- 

When sodium and chlorine react together the. outer electron of 
Sodium is transferred to the chlorine atom to produce Na+ and CI- 
tons. These oppositely charged ions are now. held together by the 
electrostatic attraction. Na*CI- is now formed. 


Na! 4 "Ci: — Na* [a] Or Na‘ cv 


The process is energetically favourable, as both the atoms attain 
a very stable inert gas configuration. 


Calcium atom may lose two electrons to two chlorine atoms 
forming a Ca^ and two CI- ions. 
Ca(20) 19 2s? 259 3s? 3p$!4s? valence electrons 


Cl(17)  15?2s?2p5:3s23p5 valence electrons 


Ca: —*Ca** or Ca**2CU 
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A few other electrovalent compounds are formulated below : 


Calcium bromide (CaBr2) 
++ m 
CUM cepa BS : 


Sodium monoxide (Na.0) 

Na’ 

+ O:—* [:6:]~ or Na zt +077 
v: natt = 

EA 

Calcium sulphide (CaS) 
a es PT 
iu am [3:] Qr Ga SES a fw 


The electrovalent compounds exist as composed of. positive and 
negative ions. They are also referred to as Ionic Compounds. j 

Ionic bonds are formed when electropositive elements combine: 
with electronegative elements. 

The compounds formed by the combination of metals of 
group II A and ILA with non-metals of groups V A, VL A. and 
VII A are electrovalent compounds (or ionic compounds). b 


Energy Changes in the Formation of an Ionic Compound 


Nats) — —9^Na(9) 


1 
4 CL9(g)—2P + CU9? 


TAM, | 
-y [Na*(g) |-E 
T = 
Na Cl ec m 


Total heat change (A Hj) involved in the formation of one mole 
of Na*Cl- crystal from solid Na and gaseous Cls;does not depend 
upon the steps involved. Hence, from Hess's law, 

—AHj;-S-HD4I—-E—-U 
S —sublimation energy, 
D — Dissociation energy, 
I-]onization potential, 
E — Electron affinity, and 
U — lattice energy. 
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Sublimation Energy—Sublimation is conversion of a solid to e 
gas. The amount of energy required to dissociate solid sodium in 
sodium atoms is sublimation energy. 1 

-Lattice Energy—The amount of energy released when one mo t 
of gaseous negative and positive ions are brought together ‘in EN 
crystal is called the lattice energy or crystal energy... Higher 


lattice energy, greater is the electrostatic force of attraction between 
the constituent ions. 


Na* + CI-—Na*CI- 4- x kcal. 
Lattice energy, U — x k cal. 


Dissociation Energy—This is the amount of energy required to 
dissociate a chlorine molecule (Cl) into free atoms. 


Cl 4-D-—2Cl(g). 
General Characteristics of Ionic Compounds : 


5 . t 
a () An X-ray. examination of such compounds has revealed tha 


i & 
these compounds. are made up of ions, not molecules, even 1n th 
solid state. l io the 

The ions are arranged together in'a regular way in 
lattice, 
ii) The at 


traction’ between thé ions is electrostatic ‘mel the 

It extends equally in all ditections. Thus, to me larde 

ionic compound the lattice: has to .be_ broken. This, requires all 

energy. Hence, the melting point and the boiling point are usually 

very high, and the compounds are very hard. j ents 
Gii) These compóundsiido- not ‘dissolve in organic SO YE 
nzene, chloroform etc.) but they readily dissolve in water 

other solvents of high dielectric constant. in the 
(iv) In the solid State, the ions are trapped in fixed places in 


n H ot 
crystal lattice. Hence, they cannot migrate and therefore cann 
conduct electricity. 


directional. 


^ A i and 
_ (v) In the mo'ten state or in solution, the ions ae the 
migrate towards thevelectrodes. Thus, under such a conditi 
ionic compounds conduct electricity. 


(vi) Tonic reactions are usually very rapid. 


The Covalent Bond 


A ts ds 

Lewis suggested that the. formation. of non-ionic eee 
takes place as a result of sharing of electrons between a 2 electrons 
each atom attains a noble gas configuration (i.e. either e). Thus, 
as in He or 8 in the outermost shell. as in other noble Se S is 
a bond or force holding atoms together through sharing vd way are 
known as a covalent bond. The compounds formed in t f covalent 
Called covalent compounds. Some of the examples o 
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«compounds are given below : 
(i) Hydrogen molecule (Hz): The hydrogen atom has the elec- 
tronic configuration : 


Hü) 1s or "Um 
H represent the nucleus and the dot the one valence electron. 
"The combination of two such atoms can be shown as, 


Shared 
electrons 


(ii) Hydrogen fluoride molecule (HF) : 


Hone F. =E) or H-F 


qiii) Chlorine molecule (C15) : 


i: + Cli > (ale) or Gl- CL 


Shared 
electrons 


Each Cl atom gives a share of one of its electrons to the other 
atom. Thus, a pair of electrons are shared. equally. between the 
two atoms. A stable octet is thus formed. ^ 


(iv) Oxygen molecule (O») : 
The oxygen atom has the electronic configuration, 
O(8)  1s329°2pt or :0: 


The combination of two such atoms involves the sharing of two 
pairs of electrons between them. 


z0% + :0:— GD Or O-O0 


(y). Carbon tetrachloride (C Cla): 


A molecule of carbon tetrachloride is made up of one carbon 
and four chlorine atoms. 
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iir €» 
x yx Ci 
xx = xx 2 ! 
EClx +Ç +xC1X — (Je () Or Cl-C=Ct 
xx + xx D. 1 
x Ct 
xx 


The C atom is four electrons short of the inert gas configuration, 
so it forms four bonds. The C/-atoms are one electron short, so they 
each form one bond. 

(vi) Ammonia (NH,) : 


A molecule of ammonia is made up of one nitrogen and three 
hydrogen atoms. 


, Tn this case, one pair of electrons is not involved in bond forma- 
tion. This pair is called a lone pair of electrons. 


(vii) Water (H,0) : 


H+ Qr H—- GED Or H-O-H 


In water molecule (4,0) there are two lone pairs. 


It must be mentioned here that the shared pair or pairs of 
electrons forming covalent bond are not located at a fixed position 
between the two nuclei. In reality at any instant the electrons may be 
located at any of the various points between or around the two 
nuclei. However, there is a much greater probability of finding the = 


electrons between the two nuclei than at the far ends of the 
molecule. 


General Characteristics of Covalent Compounds : 


TO Covalent compounds are made up of discrete molecules, not 
of ions. 


.Gi) The covalent bonds are directional. The binding forces 
existing between the atoms in a covalent molecule are strong. 
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(iii) In the solid, the forces between the molecules are the weak 
van der Waals forces. Hence, the energy needed to melt or boil 
the compound is small. Thus, the melting point and the boiling: 
point of such compounds are usually low, and these compounds are 
often gases, liquids or soft solids. 

(iv) In molten state or in aqueous solution these compounds do 
not dissociate into ions, hence the covalent compounds are non-- 
conductors of electricity. 

(v) Covalent compounds are not normally soluble in water but 
are readily soluble in organic solvents (benzene, carbon tetrachloride,. 
chloroform etc.). 

But some of these compounds are highly soluble in water because: 
they react with it chemically. For example, 

HCI- H30 —[H30]* 4-Cl- 
NHy4-H3O-[N H4]:  OH- 


The Co-ordinate Bond or Dative Bond : 


The co-ordinate bond is a special type of covalent bond in which: 
the pair of sharing electrons comes originally from one atom only. 
Such a bond is called a co-ordinate bond. 

A co-ordinate bond is represented by an arrow to" distinguish it 
from a two-electron single bond. For example; in the compound. 
BF,.NH, both the electrons come from NHs. 


HO” F HF 
H:N: + B:F — HIN: B: OP HaN— BFs 
Henk HF 


Once a co-ordinate bond is formed it becomes indistinguishable- 
from normal covalent bonds. Hence, the use of arrow to indicate: 
a co-ordinate bond has now been dropped and a single Icovalent. 
bond is used instead, i.e., 

FR ee 


| | 
gemi 
EH 


Other examples of co-ordinate bond are given below = 


(ii) Ammonium ion (NH): 

H | H p Ho + 
HiN? + Ht | H?N:H] or H-N-H 
H [A H 
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In NH;* ion there are three covalent and one co-ordinate bond. 


But once the co-ordinate bond is formed it cannot be distinguished 
from the other three covalent bonds. Hence, all the four bonds have 
‘been shown in the same way. 


(iii) Sulphur dioxide (SO,) and Sulphur trioxide (SO,) : 
Q: +S: Qim O::8:0: or O=S—+0 


©: + 3S: + rm Ö::S:Ö: or O=S>0 
rd zd ES 
:0: 
(iv) Hydronium ion, (H,0*) : 


M ee t 
inky DOTEM [n- 6:4] or [n-o7w] 
i | 
H H H 
(v). Hypochlorous acid, (HC/O) ; 


H: Cl: + ©: HHR CI:O: or -H—Ci—0 
(vi) Sulphate ion (SO- EA) 


(vii) Phosphorous Oxychloride (POCI): 


Cl Cl e 
CUP: O: —ELLPIOr CL PO 
Cl Cl Ct 


_ The atoms, molecules or ions which are capable of parting off a 
pair of electrons in the for 


mation of a co-ordinate bond are called 
donors, whereas those which can accept it are called acceptors. 


` 
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General Characteristics of Co-ordinate Compounds : 


(i) The co-ordinate bond is rigid and directional, and hence it 
may show space isomerism. 

(ii These compounds sparingly dissolve in water but dissolve: 
readily in organic solvents. 

(iii) In the molten or in aqueous solution, these compounds do- 
not dissociate into ions. Hence, they are non-conductors of 
electricity. 

(iv). The m. p. and b. p. lie in between ionic and coyalent com-- 
pounds. 

Generally, compounds formed between atoms of the same element 
are non-polar covalent, but the compound having a co-ordinate bond: 
develops polarity. For example, Os is non-polar covalent but Oz is. 
polar. 


«9: 
O: gop 
i I 


Double Bond and Triple Bond ; 


There are a number of compounds in. which more than two 
electrons (one pair) are shared between two atomsin the formation 
of covalent bonds. If two pairs of electrons (4 electrons) are shared, 
a double bond (=) is formed. If three pairs of electrons (6 electrons), 
are shared between two atoms, a triple bond (=) is formed. 


r 


H, „H H« H 
AG dC uno =C~ 
d* are Katies Cy 
Ethylene 

(Double bond) 


H Gi mem or H—C=C—H 
Acetylene (triple bond) 


Polarity in Covalent Compounds : 
on the basis of nuclear composition the molecules can be classi- 


lecules— The atoms having similar com- 
:- nuclei are called homonuclear atoms. The molecules 
ination of homonuclear atoms are known as 


homonuclear 
(ii) Heteronuclear mo 
position of their nuclei a 


d by the combin 
Recon A molecules, i.e., HF, HCl, HBr, NH; etc. 
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In the formation of a covalent bond between homonuclear atoms, 
the shared electrons are symmetrically distributed in the molecule, 
‘because the electronegativity of both the atoms are the same, 


H+ H>H : H 
9: 0 50::0 


of positive charge coincides with the 
‘centre of negative charge. Hence, the molecules do not develop any 
charge and are, therefore, neutral. 


The compounds are non-polar 
covalent, and the bonds are purely covalents. 
be 4 


F ^* In heteronuclear molecules one atom is mor 


€ electronegative than 
the other. Hence, the e 


lectron pair is pulled up more towards the 


‘compound AB, the bonded el 
and this pull of electrons Cause: 
$t 8- ô+ ô- ~ 
A: B> A+B or, A—B 
A develops a small amount of positive char 
develops a small amount of negative charge (8-). 


Example : (ET GT- or H—Gl 


ge (8*), whereas B 


The electro-negativity of Cl is mor 
electron-pair between H and Cl is p 
than towards H. This molecu 
The bond between H and 
covalent. Such a molecule or 


€ than that of H., Hence, the 
ulled up towards C] much more 
le, thus, develops dipole as shown. 
Cl is not pure covalent, it is Partially 
compound is said to be polar covalent, 


Hydrogen Bonding 


It is found that Hydrogen in H0, NH; etc. has the tendency to 
form weaklinkage. Because of charge-separation in these molecules 
H acquires a small positive charge while the other partner is left with 
a small negative charge, 


ge 
H—J9. 
ds 
The positive end of one 


à molecule attracts the negative end of the 
other. In this way a number of molecules get associated to form a 
bigger aggregate. 


The hydrogen bonding in hydrogen fluoride may be depicted as, 
St '5— 8t 8- st s- 


b+ ô- 
(..H—F ..H— HF ..H—F ..), 


+) eth 
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Thus, itis seen in both water and hydrogen fluoride that H 
atom is bonded to the electrc-negative atom by a covalent bond 
in a single molecule, but by electrostatic force to the electronegative 
atom in an adjacent molecule. Hydrogen atom, thus, serves as a 
bridge between two O atoms (in H,0) and two F atoms (in HF). 

Hydrogen bond is thus an electrostatic force of attraction which 
binds hydrogen of one molecule with the electro-negative atom of 
another molecule of the same substance. 

The electrostatic force or the Hydrogen bond is, however, very 
much weaker than the covalent bond. 

Itis due to Hydrogen Bonding that some substances have 
unusually high boiling points. For example, H3S,in which there 
is no hydrogen bonding, is a gas, while H3O0, in which appreciable 
hydrogen bonding is present, is a liquid (B.P.= 100°C) at the 
ordinary temperature. 


Failures of the Octet Theory : 


The octet rule satisfies the formation of a large number of com- 
pounds, but it fails in the following cases : 

(i) According to the octet rule, an atom can hold neither more 
than 8 nor less than 8 electrons in its outermost shell to achieve 
stability. Butin the formation of several compounds this rule 
breaks down, i.e., 


Cl 
:Çt: Be : QU :Cl: Bel: 


(4bondingelectron) ( 6 bonding electron) 


dl, 
içi: AL: Cl: 
(6 bonding electron) 


ib ra anm 
(oC SES SR 


(10 bonding electron) (12 bonding electron) 


(ii) Delocalised Bonding—It is the common knowledge that two 
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electrons can hold only two atoms. But in case of H,* two electrons 
hold three atoms together. 


bec [PSA] acy) 


| In such a case, the bonding between the H atoms is not stationary 
rather it is resonating between them as shown. Such a bond holding 
different atoms together is known as a delocalised bonding. ; 

Gii) Concept of Singlet Linkage—In order to explain the formation 
of PCl; and SF, Sudgen suggested the idea of singlet linkage, It 
was assumed that some of the halogen atoms are attached to the 
central atom: by the sharing of one electron only, The linkage thus 


formed is known as a singlet linkage. Thus, the structures of PCI; 
and SF, can be shown as, 


(iv) Electron deficient compounds—Elements of group IIT. parti- 
cularly boron and aluminium, have three valence aana So; they 
combine with three atoms forming compounds: in which they’ con- 
tain less than 8 electrons in their valence shell, i.e., 


EC MCN 
ChB: Gi ii Al: Ci 
(Boron trichloride) (Aluminium ' 


trichloride) 


In these compounds, B and Al do not satisfy the octet rule, but 
even then these compounds are quite stable. Such compounds are 
known as electron deficient compounds. 


Odd Electron Molecules : 


The molecules having odd numberof valence electrons are called 
odd electron molecules, 
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Examples : (i) Hes* 
[He : He] 


(ii) Nitric oxide (NO)—In this molecule the total number of 
valence electrons is 5+6=11. 


Na Or 
(iii) Chlorine dioxide (CIO?) : 


Total number of valence electrons 274-2 x 6— 19. 


oe 


ROI U To) 


NS 


:0: 


The Orbital Theory of Covalent Bond. 
What is an Orbital ? 
The region in the three-dimensional space in which the pro- 
bability of finding the electron is the highest is called an Orbital, 


Overlapping of Orbitals—In the formation of a bond orbitals of 
two atoms occupy à portion of each other's orbital. This pheno- 
menon is called overlapping of orbitals. 


Let us consider the idea of electron-sharing in terms of orbitals. 
When two ls orbitals (say), each possessing one electron, occupy 
different regions in space, sharing of electrons would not occur, "ja 
no bond between the two can be formed. A bond between them is 
possible only when the two electrons occupy the same region in space 


and haveopposite spins. 
ar OR bond 
Is 1s 
bond possible: 
is is 


When the two Is orbitals approach each othe 1 
energy of the system gradually falls, T, the] 


INTR. CH.-4 


potential 
When the potential energy 
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reaches a minimum value, the two s-orbitals overlap. 


1s 1s overlapped zone 


The two electrons now occupy a common region in space (over- 
lapped zone). A covalent bond is thus, formed. 


The larger the overlapping of orbitals, the Stronger is the bond 
formed. 


Sigma (c) and Pi (x) bonds : 
Æ bond is formed by the overlap of atomic orbitals. 


"When two half-filled atomic orbitals overlap along th i 
the bond formed is called a sigma bond. Bae ue exis, 


When two half-filled atomic orbitals overlap lateral] idewi 
the bond formed is called a pi bond. x x E onte 


Thus, 5-5 overlapping gives a c-bond. 
s-p » » 2 
' Papa » » » 
On the contrary, Py-Py EA bi n-bond 
PzPz » » » 
o 
COO - 05 
E s 
fom 
Ca 
S p 


The sigma bond is always stronger than pi bond. 
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(i) Hydrogen Molecule (H;)—The formation of Hydrogen mole- 
cule by overlapping of two ls orbitals takes place as shown above. 
The paired electrons in the overlapped zone have opposite spins. 


(ii) Fluorine Molecule (F;)—A fluorine atom has the following 
configuration : 


F(9) 1s? 2s*2p® 
E a 


Ons of the 2p orbitals is only half-filled. The two F atoms may 
combine each other through the overlap of the two half-filled orbi- 
tals. This may be shown as: 


"n EP a Gm 


D MAT 


A single bond is thus formed between two F atoms by the shar 
ring of pair of electrons. Each F atom acquires 8 electrons which 
is the maximum capacity of the four orbitals with n=2. The bond 


_ is p-p bonding. 


(iii) Formation of HF Myolecule—ls orbital of Hydrogen can 
accommodate one electron more, The F atom can also complete its 
octet by sharing its unpaired electron with that of H atom. The 
overlap takes place between the Is orbital of H atom and the 2p 
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orbital of F atom. 


is 2s 2 is 
b 


CHF molecule) 


The bond between H and F atoms is called 5-P bonding. 


(iv) Formation of Oxygen Molecule (O2)—The O-atom has the 
following electronic configuration : 


1s% 25? 7p4 
15 25 


2p 
HOG aT. 


There are, thus, two unpaired electrons 


orbitals, Thus, the two 2p orbitals of one ato: 
of another atom, 


Occupying the two 2p 
m overlap with that 


. 2p 2p 
Is * 25 Sse a Rep zi ed 
GAGE TT EDI En ier 
"overlapping ~ 


It is to be noted here that one of the 2p orbitals of 
atoms are parallel to each Other. Hence, these orbit. 


sidewise. Two pairs of electrons are thus shared formi 
bond. 


als overlap. 
ng a Double 


iur 


(Y) Formation of Nitrogen Molecule (N2)—The N atom has the 
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following electronic configuration : 
NC) 182 25^ 2p? 
“15> 2s 2p 
In this case, the union between two atoms of N takes place 'by 


the overlapping of three pairs of orbitals, One pair overlaps along 
the same axis, while the other two pairs overlap sidewise. 


1s 2s 2p 2p 295 Is 
n [tj p] EC ECT TERT Ev] yl Et] 
M---- - overlapping- -- - > 


Three electron-pair are thus shared forming a triple bond in 
the molecule. One of these bondsisa sigma (c) bond, while the 
other two are pi (x) bonds. 


Hybridisation : 
Why the Concept of Hybridisation ? 


To “answer this question, let us look at the electronic configura- 
tion of Beryllium, Boron and. Carbon. 


1s 2s 2p 


Be(4) [4] 
Bc» ptio [aem oes] 
ce) CDr 


According to the above configurations, Be should be zero-valent, 
as it does not contain any unpaired electron (or half-filled orbital). 
Be should, thus, behave as a noble gas. 

Boron atom has one unpaired electron in one of its p-orbitals 
and it should, therefore, be univalent forming compounds like BH, 
BCI etc. 

Carbon atom has two unpaired electrons in two of its p-orbitals. 
Carbon should, therefore, be divalent forming compounds like CH;, 

„CCl, etc. 

But we all know that Beryllium exhibits divalency and Boron 
trivalency in all their compounds. Similarly, Carbon has always 
been found to display tetravalency in its compounds. 
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In order to explain such anomalies the conce 


pt of hybridisatiom 
was provoked. 


Hybridisation in Beryllium—We know that the formation ofa 
covalent bond is accompanied with decrease of energy. When 
reacting atoms approach a Be atom to form a covalent bond, some 
energy is released. This energy is supposed to excite-one of its 2s 
electrons into a vacant p-orbitals. This condition of the atom is 


said to be an excited state. The ‘electronic configuration of Be (4) 
now changes as follows: 


is 2s 2 


p 
LT T Moroud state) 
“SS 


i 
mE (excited state) 


sp hybridisation 

In the excited state Be has two unpaired electrons. It 
capable of forming two covalent bonds. 
compounds like BeH, and- BeCl,. 

But we know that 2s and 2p orbitals ha 
Hence, the two bonds should be of differe 
however, not the reality. Both the bonds have the same Strength. 
In order to explain this it is assumed that the one s and one p orbi- 
tal of Be redistribute energy between themselves to give two orbitals 
of equivalent energy. This 


phenomenon is called hybridisation. The 
two new orbitals are called sp hybrid orbitals, 


is now 
It actually does so in 


ve different energies. 
nt strengths. This ‘is, 


Y 
ard 
X XE 
S Sp\hybridised 
orbitals 
Fo Be F 1805 
F Be =F 
The formation of BeF, may now be easily described. 
F(9) 1s? 2s? 2p?, 2p2, 2p}, 


One of the p-orbitals is only half-filled. This half-filled orbital 
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of each F atom overlaps with one Sp hybrid orbital. Thus, BeFs 
is formed. 


Af 

exo Dua 

Two Sp hybrid s 
orbitals ris m BeF; 


Hybridisation ia Carbon—The electronic configuration of Carbon 
,n the ground state is, 


C (6) 18? 25? 2p? 
ls 2s 2 


p 
ET [u] { i (ground state) 
: "T PW 


The presence of two unpaired electrons shows that Carbon should 
behave as a divalent element. But the tetravalency of Carbon is 
undoubtedly well established. So, in order to explain the tetravalency 
of Carbon it is assumed that one of its 2s electrons is promoted or 
excited to the vacant 2p orbital. The four orbitals (one 2s and three 
2p) now hybridise to produce four sp? hybridised orbitals of equi- 
valent energy. This is known as sp? hybridisation. 


1s 2p 


flan 


x sp? hubridised" Y 


The four sp? hybridised orbitals are now directed towards the 
four corners of a regular tetrahedron. Each one of these four sp? 
hybridised orbitals forms a bond- by overlapping with 1s orbital 
of the H atom. 


methane (CH4) 
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Considering the above case, we may now define hybridisation 
as follows : 


redicts that B, molecule Should 
Tucture is given as, 
:B— B: 
But experimentally it has been found that p, molecule i 
two unpaired electrons, j T 


omic orbitals 
If theirenergies 


B od Josey than that of each of the atomic orbitals. 
er molecular orbital has ener reater than the higher 
energy atomic orbital. a z 
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The molecular orbital having lower energy is called Bonding 
Molecular Orbital. The higher energy molecular orbital is called 
Antibonding Molecular Orbital. s 

The bonding M. O. is stable, whereas antibonding M. O. is 
unstable. 

(vi) The valence electrons are distributed among the molecular 
orbital in the same way as electrons in atomic orbitals. 

(vii) Each molecular orbital has a capacity to accommodate a 


maximum of two electrons. 
(viii) Electrons are filled up in M.O.’s in the order of increasing 


energy. Lower energy M.O.’s are filled up first. 
0,5 € 0% 15 < O25 < 0*5 055 «Tis = Top XT ap =1* op 
z y z Yy z 


(ix) In case of two equal energy molecular orbitals, the electrons 
tend to remain unpaired as far as possible. 


Examples : 
(i) H, Molecule—Total electrons —2. 
Bond order or Number of bonds e 
=No-Na 2-0. 1 bic 
2 2 ———M RM 
Thus, in Hz there is a single bond. 1s ifs e Né is 
(ii) He, Molecule—Total electrons Tis 
l Na- Ne 2—2 iy. 
Bond order 2—^- "a —2—2..9. 1s 
2 2 E 
-. He, molecule cannot exist, 1s is 


i.e., two He atoms cannot combine to 
form a He, molecule. 
(iii) O, Molecule—Total electrons = 16. 


i n* + 
ZU _2Py T2pz \ 
r *——. “ae ^ 
^ / `x’ S 
T Li EX S. ` M 
4 / i Se ` ` 
—' — PEA 
2p * N M Lr 
Pc Py 2P, 2py /2p / 2p. 
` B t a 
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2s 
28 2s 
Ss. 
. 
Ss 
is we 1s 
Tis 


Molecular configuration : 
2 *1 *1 
62, 6*5, 6*5, T8255 6*5 Top Tap n1 as 
z y z p] z 


N»-Na _ 10-6 — 
2 2 
Number of unpaired electrons — 2. 


<. O, molecule is paramagnetic. 


Bond order= 


Questions 


Long Answer Type : 


1. What is a chemical bond ? Define clearly the three types of bonding, 
giving one example in each case. 


2. Why do atoms combine to give molecules ? Give examples. 

3. Account for the chemical inactivity of the noble gases. 

4. Two elements M and N have the following characteristics ; 

M N 

(i) Ionisation potential low. (i) Tonisation potential high. 

(ii) Electro-negativity low. (ii) Electro-negativity high. 

Suggest the type of bond formed when M and N combine. Give four charac- 
teristics of such a bond. 


5. What is meant by ionic and covalent bonds ? How would you differentiate 
an ionic bond from that of a covalent bond ? 


6. State four major physical properties that can be used to distinguish 
between covalent and ionic compounds. Mention the distinguishing features in 


each case. ( HT 1978) 
7. Account for the following : 


(i) M,0 is a liquid while H,S is a gas at ordinary temperature. (IIT 1978) 
(ii) Sigma bond is stronger than a Pi bond. 4 
(iii) Hydrogen fluoride has abnormally high boiling point. 


8. Explain the term hybridisation. Describe the hybridisation involved in 
case of Carbon. 


9. Discuss the energy changes involved in the formation of ionic compounds. 
10. What do you mean by bonding and antibonding molecular orbitals ? 


11. With the help of energy diagrams, explain the bondings in the following 
molecules and molecule-ions : 


O Ha Gi) Hat, Gii) Hest, (iv) He; 


* 
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12. Explain why ` 


(i) O, molecule is paramagnetic, 
(ii) F, molecule is diamagnetic, 
(iii) He is mono-atomic. 
13. What is meant by bond order ? Calculate the bond torder of Hest, O;. 
N, H,+, and H, molecules. 


Short Answer Type : 


1. Define an ionic bond. 

2. Explain the nature of co-ordinate bond. 

3. Clearly explain what do you mean by a stable electronic configuration. 
4. Indicate the nature of bonds in the following compounds : 


(i) CH,Cl, Ch, NH,, K,O, CH,OH, CaH; (IIT 1966) 
(ii) CO», H,O, CaO, CHa, Ns, SO,- —, Al,03, NH,*, CaCa, NaCl, H.S 

(IIT 1969) 
(iii) ClO, CCl,, Mg,N2, Nal, C,H, (IIT 1971). 
(iv) CIO,-, MgCl, (IIT 1975) 
(v) MeF;, BrCl, CBr,, C,N». CuS, PH, (AT 1978) 


[Solution : (i) Ionic : K,O, CaH, 
Covalent : CH,Cl, Cl, NHs, CH;OH 

(ii) Ionic : CaO, CaC,, NaCl 

Covalent : CO,, H,0, CH,, Ns, SOT, AlO, NH4*, HS 
(iii) Ionic: Mg,N., Nal 

Covalent : ClO, CCl, C.H, 
(iv) Ionic : MgCl, 

Covalent : CIO 
(v) Ionic: MgF,, Cus 

Covalent : BrCl, CBr,, C.N2, PH) 
5. Give the Lewis dot structure for the following : 


Olos. (ii) N,O, (iii) SO,Ch, (iv) P.O, (IIT 1978). 
Answer : 


6. What is hydrogen bond ? T b 
7. What do you mean by the overlapping of orbitals 


) 
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8. Distinguish between sigma and Pi bonds. 


9. Explain why the maximum covalency of Sulphur is six. 
10. What is lattice energy ? 


11. What is difference between atomic and molecular orbitals ? 


12. Give the number of electrons that could occupy bonding in H.+, H, 
sand Hez. 


“Objective Questions ~ 


(A) 1. Which of the following is an electroyalent compound ? 
G) CH,OH (ii) C,H,.0, — (i) CH, (iv) BaCl, 
2. When pure CCI, or CHCI, is added to a solution of AgNO, then which 
«of the following is obtained ? 
(i) white precipitate of AgCI, 
(ii) white precipitate of AgCI soluble in excess of CCI, or.CHCI; , 
(iii) no precipitate is obtained, 
(iv) precipitate soluble in excess of AgNO, is obtained, 


3. Which among the following is a good conductor of electricity in the 
“solid state ? 


(i) Camphor (ii) Bauxite (iii) Graphite (iv) Sodium Chloride. 
4. Which one of the following compounds has an electrovalent linkage ? 
(i) BaCl, (ii) C,H, (iii) SO, — (iv) NH. 

5. The electro-ne; 


gativity values ofelements A and Bare 0:9 and 3:0 res- 
Pectively. The bond formed between A and B would be 


(i) covalent bond (ii) Ionic bond 
(iii) co-ordinate bond (iv) triple bond. 


6 Element 4 is strongly electropositive and element 


€ B is strongly electro- 
negative. Both are univalent. 


The compound formed would be 


G) AtB- — (i) A-B* — (ii) 4—B (iv) ASB. 
"7. Which of the following is covalent ? 

(i) Hy Gi) CaO (iii) KCI (iv) NaS. 
‘8. The shape of CCI, is 

(i) linear (ii) square planar 

(iii) tetrahedral i 


(iv) square pyramidal. 
9. The bond angle in H,S is closer to 


i) 100° (ii) 120° (iii) 90° (iv) 45°, 

40. The total number of electrons that take part in forming the bond in N, is 
(i) 2 (ii) 4 (iii) 6 (iv) 8. 

11. Of the following, the molecule whose shape is not linear is 

(i) CO, (i) CO (iii) H,O (iv) HCI. 
12. In a double bond connecting two atoms there is a sharing of 

(i) 2 electrons (ii) 4 electrons 

(iii) 6 electrons (iv) 8 electrons. 
13. Co-ordinate covalent bond exists in 

(i) SO, (ii) SO, (iii) H,O, (iv) H,0. 
14. Water molecules in ice crystals are held together by 

(i) covalent bonds (ii) ionic bonds 

(iii) hydrogen bonds (iv) Van der Waals' forces. 
15. Which of the following statement is not true ? 

(i) AICI, is ionic compound 


a, 2 (i) AIF, is ionic compound 
(iil) AgI is covalent compound (iv) Nal is ionic compound. 
a CEU h an example of 

i) sp hybridisation ii) sp? hybridisation 

(iii) sp? hybridisation SHEETS 


(iv) sp°d? hybridisation. 
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17. Linus Pauling received the Nobel Prize for his work on 
(i) atomic structure (i1) chemical bonds 
(iii) photosynthesis (iv) thermodynamics. 
18. A polar bond is formed between atoms which have 
(i) similar electro-negativities (ii) different electro-negativities 
(iil) metallic bonds (v) high melting points. 
19. Which of the following pairs form an ionic compound 
@ Cand S (ii) S and O (iii) P and C! 
(iv) C and Cl (v) K and O. 
20. The electro-negativity of B is much greater than that of A. When 4 and B: 
combine, the bond formed between A and B is 
G) covalent — (ii) polarcovalent (iii) ionic (iv) co-ordinate. 


21. Cl- ion is formed by the gain of one electron by the CZ atom. The size: 
of Cl- ion will be 


(i). equal to that of CI Gi) bigger than that of C7 
(iii) smaller than that of C7 (iv) none of these. 
22. When two atomic orbitals Overlap linearly, the bond formed is a 
(i) covalent bond (ii) sigma bond 
(iii) Pi bond 


(iv) Hydrogen bond. 
23. Boron trichloride is 


(i) an ionic compound (ii) co-ordinate compound 
(iii) electron deficient compound (iv) a base. 


24. Which one of the following would youexpect to form a strongly ionic: 
solution in water ? 


(i) Nal (ii) CCI, (iii) O, (iv) CO,. 

25. Of the following compounds, the only one that does not contain double: 
or triple bond is 
3 (0 H,O (ii) HCN (iii) CO (iv) Na: 

26. Which of the following molecules is formed byans—s overlapping ? 

(i) HCl, (ii) Cla, ii) H,0, (iv) Ap, (v) Na 

27. In the formation of CH, molecule the C atom makes use of 

(i) Sp? hybridization, (ii) Sp? hybridization, 


(iii) Sp hybridization, (iv) dsp? hydbridization, 


(B) Select the correct statements from the following : 


1. Cations are smaller in size than the Corresponding atoms, 
2. Sigma bond is weaker than a Pi bond, ' 
1 3. An aqueous solution of NaClis.a good conductor of electricity because: 
it contains ions. 
4. The octet theory fails to explain the formation of SF,. 


5. HS is a gas because its molecules are held together by hydrogen bonds. 
Answers : 


(A) 1. (iy), 2. (iii), 3. (iii), 4. G), 5. (ii), 6. (i), 7. @, 8. (iii), 9. (iii), 10. ^ 
11. (i), 12. Gi), 13. Gi), 14: (iti), 15; 0), 16 Gil), 17: ii), 18. (i), 19. (v), 20. (iii); 
21. Gi), 22. Qi), 23. Gil, 24. (0. 22. HOS RUSO oe alee 
(B) 1, .3, 


000 


CHAPTER 3 
PERIODIC CLASSIFICATION OF ELEMENTS 


en quite a large number of elements became known, it was 
ae for the scientists to study them separately. In order to study 
them systematically and to correlate their properties attempts have 
been made from time to time to classify them into different classes. 
The main advantages of such a classification of elements are : 


(i) The general properties of a particular class of elements can be 
easily predicted. 


(ii) With the help of general properties, the specific behaviour of 
each element can be guessed. 


(iii) It becomes convenient to compare one class of elements with 
another class. A > ^ 

(iv) In the study of modern chemistry, it has provided a very 
useful device to organise knowledge of the structure of atoms and 
physical and chemical properties of elements. 

(v) It offers an ideal opportunity to find out some of the basic 
reasons for the chemistry of elements. 

Dobereiner's triad : Johann Dobereiner in 1829 classified certain 
elements into groups of three called triads. He showed that in each 


group the atomic weight of the middle element is nearly the average 
of the atomic weights of the other two extremes. t 


Li(7) Na(23) K(39) 
Ca(40)  Sr(88) ^ Ba(137) 
CI(3*5) Br(80) — 1(127) 
This idea of Dobereiner turned out to be accidental, but the 
search for regularities was stepped up vigorously. 
Prout's hypothesis—William Prout of England in 1815 suggested 
that all elements are condensation products of Hydrogen atoms, be- 


cause their atomic weights are whole multiples of the atomic weight 
of Hydrogen, 


Accurate measurements of atomic weights proved Prout's hypo- 
thesis untenable. 


Newland's Law of Octaves—In 1863, John Newland suggested that 
the eighth element, starting from a given one, isa kind of repetition 
of the first, like the eighth note in an octave of music. 

Thus, the idea of periodicity among elements was born. 

T Amongst the various periodic tables now devised, the one con- 
apucted independently by Dimitri Mendeleev in Russia and Lothar 
eyer in Germany, is at present most widely accepted. 


I 
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Mendeleev's Periodic Table 


The most convincing and orderly arrangement of elements was 
first accomplished by Dimitri Mendeleev in 1869. The table of 
elements which he constructed is now universally known as 
Mendeleev's Periodic Table. This table is based on the periodic law 
which is stated as : 

The physical and chemical properties of elements are periodic 
functions of their atomic weights. 

The inert gases were not discovered then, but after their discovery 
they were accommodated in the table. At certain places in the table 
gaps were left with the idea that elements, yet undiscovered, will fill 
these places. Mendeleev confidently predicted the properties of 
several of these unknown elements. It was really very wonderful that 
after the discovery of these elements their properties were actually 
found to be almost the same as predicted by Mendeleev. 

The Periodic Table consists of Groups and Periods. There are 
in all Nine groups and Seven periods. The vertical columns in the 
table are called Groups, while the horizontal rows are called Periods, 


Characteristics of Groups : 


(i) The elements possessing similar properties have been placed 
in the same group. 

(ii) In a group the valency of the elements is the same. 
example, Li, Na and K (group I) have the valency 1. uri 
(iii) The groups were further sub-divided into sub-erou : 

B. This was necessitated by the differences of Properties ofpsivatend 
For example, alkali metals (Li, Na, K etc.) and coinage metals (Cu, 
Ag and Au) though being in the same group I differ widely in pro- 
perties. Hence, alkali metals were placed in sub-group IA, and 
coinage metals in sub-group IB. 


Characteristics of the Periods : 


(i) There is a gradual change in the properties of elements in a 
given period. 
(ii) In a period the valency increases. 
i Li Be B G 
1 2 3 4 


Merits of the Periodic Table : 
(i) It has facilitated the study of Chemistry. The advent of the 


Periodic Table has proved to be a boon for the students of 
The study of a representative element in a group gives D A 


64 INTRODUCTORY CHEMISTRY 


idea about the behaviour of the remaining elements of the same 
group. 

(ii) Help in Research Works—The position of an element in 
periodic table gives us much insight to forecast its general 
behaviour with other elements. 


(iii) Discovery of New Elements—Mendeleev had left vacant places 
for several of the hitherto undiscovered elements. He had boldly 
predicted the probable properties of these undiscovered elements. 
For example, he named the missing elements as eka-silicon and eka- 
aluminium and predicted their properties. His predictions were 
later found to be correct. These two elements were renamed after 
their discovery and were called Gallium (Ga) and Germanium (Ge) 
respectively. 


(iv) Correction of Doubtful Atomic Weights—At Mendeleeve's time, 
the methods for the determination of atomic weights were greatly: 
improved. The atomic weights of some of the elements were, how- 
ever, sufficiently in error. But his sequential arrangement of elements 
was correct. Modern values of atomic weights show that at least 
three pairs of elements are out of order by theif atomic weights. 

(a) Cobalt and Nickel. 

(b) Argon and Potassium. 

(c) Tellurium and Iodine. 


Mendeleev, however, placed these elements in their correct groups. 
according to their chemical properties, disregarding the’ then values 
of their atomic weights, He boldly expected that accurate deter- 
mination of atomic weights would show that tellurium has a smaller 
atomic weight than iodine. His idea was later indeed found to be 
correct. 


Defects in the Periodic Table 


(i) Position of Hydrogen—The position of Hydrogen in the peri- 
odic table is still controversial. It has been placed in Group IA 
with the alkali metals as well as in Group VIIA with halogens. This 
is because Hydrogen shows its behaviour similar to both the alkali 
metals and the halogens. 


In view of its electronic configuration (1s!) its position in group 
TA along with the alkali metals appears to be justified. 


(ii) Position of Rare-earth Elements—In the sixth period of the 


INE f 
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periodic table there are 14 rare earth elements after Lanthanum (La57) 
having atomic weights between 138:92 and 174:99. If they are 
arranged in the increasing order of their atomic weights, the regula- 
rity of the periodic table is completely paralysed. All these elements 
Biave, therefore, been placed together in the same group IIIA. They 
are now positioned in a separate horizontal row below the periodic 
table. 


(iii) A group of three elements placed together in Group VIII— 
In group VIII, three elements have been placed together. 


Fe Co Ni 
Ru Rh Pd 
Os Ir Pt 


Kiv) Elements with higher atomic weights have been placed. earlier 
to elements with lower atomic weights. 


The arrangement of elements in the increasing order of atomic 
weights breaks down at some places. 

Examples : (a) Tellurium (Te) and Iodine (J)—Te with atomic 
weight 127:61 is placed earlier to J with atomic weight 12692. The 
order should have been just reverse. 


(b) Argon (4) and Potassium (K)—Because of its chemical inert- 
ness Argon (at. wt.—39:94) was placed in group zero whereas 
Potassium (at. wt. = 39:09) has been placed in group T. 


(c) Nickel (Ni) and Cobalt (Co)—Nickel (at. wt. —58:6) has been 
preceded by Cobalt (at. wt. —58:9) in the periodic table. 


(v) Position of Isotopes—The isotopes of elements find no place 
in the periodic table. 


Modern Periodic Table 
(Long Form of Periodic Table) 


When Mendeleev proposed his periodic table, atomic structure 
was not discovered then. Now, Mendeleev's periodic table has 
been modified in the light of the structure of atoms. The modified 
periodic table is called Long Form of the Periodic Table. 


This is based on the periodic law which is stated as follows : 


The physical and chemical properties of elements are periodi¢ 
functions of their atomic numbers. 


In other words, whea the elements are arranged in the order of 
their increasing atomic numbers, their physical and chemical proper- 
ties vary periodically with increasing atomic number. 

A model of the Long Form of the Periodic Table is depicted in 
the chart overleaf. 
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In this. periodic table, emphasis has been laid on the periodicity 
in physical and chemical properties of elements and their com- 
pounds.- The properties are repeated at regular intervals because 
similar structures appear at the same interval. A model of the 
Long Form Periodic Table is given in chart on P. 66. 

This form of periodic table consists of 18 vertical columns 
(Groups) and 7 horizontal rows (Periods). Groups Ito VII are 
sub-divided into sub-groups A and B. In group VIII, there are three 
elements and group IX consists of inert gases. The IXth group is 
also called group 0. 

Elements belonging to a particular group are similar in chemical 
properties because of their similar electronic configurations. 


Group IA Electronic Configuration 
Li 1s?281- 
Na 1522522p935! 
K 15225?2p535?3p9451 


All atoms in group TA contain one electron in their outermost 
orbit. Hence, they display similar chemical behaviour. 


Arrangement of Elements According to Electronic Configuration : 


. This Periodic table classifies elements based on their electronic 
configuration (atomic number). The elements arranged in the order 
of increasing atomic number, are placed in horizontal rows called 
periods. Periods differ in length. The length varies from 2 elements 
in the shortest to 32 in the longest. 

A new period starts with the first element that has one electron 
in a new main energy level. Theorder of filling of the energy sub- 
shells is : 

Subshells 1s | eH eem era 5s4d5p| 654 f5d6p| 7s5 f6d . . . . 

TAS E E AS AE én i RO 

The maximum number of electrons accommodated by each type of 
sub-level is s=2, p=6, d=10 and f=14. Thus, the number of 
elements in each period can be easily calculated from the number 
and type of sub-levels being filled. 

The first period consists of two elements Hydrogen and Helium, 

\as it corresponds to the filling of the first energy level. 

The third element Lithium has an electron in the second main 
energy level, and hence it begins the second period in the table. Ne 
(10) in the ground state has electrons in only the first and second 
main energy levels. But the next element Sodium (Na") has one 
electron in the third main energy level. Hence, the third period 
begins with it. 

The second and third periods each correspond to the filling of 
the 2s2p and 3s3p sub-levels. Hence, each of them consists of 8 


elements. 


68 INTRODUCTORY CHEMISTRY 


Fourth period corresponds to the filling of the 4s3d4p sub-levels. 
The third main energy level is not completely filled at the end of 
the third period, but a new period has begun with the first 4s electron 
(K!9)) The addition of ten 3d electrons elongates the fourth period 
from 8 to 18 elements. 


Fifth period has arrangement 5s4d5p similar to the fourth period. 


Sixth period corresponds to the filling of the 6s4f5d6p sub-levels. 
The addition of fourteen 4f electrons brings in 14 elements which 
are placed in a separate row at the bottom of the table to avoid 


excessive width. These fourteen elements starting with Lanthanum 
are called Lanthanides. 


Seventh period corresponds to the filling of the electrons in the 
Ts5f6d7p sublevels. The elements of this period constitute the 
actinide series. These have been placed in a separate row at the 
bottom of the periodic table. The total number of elements to be 
accomodated in this period depends on the number of new elements 
to be synthesised, in addition to those now known. 


Groups : 


The vertical columns of elements in the periodic table are termed 
as Groups. The elements within a group have the most striking che- 
mical similarities. Each group of elements possess a particular 
number of valence electrons. These valence electrons are in the 
outermost energy levels. They possess higher energy than the s?p° 
outer electronic configuration of the preceding noble gas. This 
s?p* outer electronic configuration provides. maximum stability. 
Therefore, the noble gases are chemically inactive. 


Elements of a given group have different kernels but the same 
number of valence electrons. For most elements, the number of 
valence electrons equals the group number. As an example, the 
electronic configurations of the alkali metals are given below : 

Li (3) 152251 

Na (11) 15?2s?2p8351 

K (19) 15°2572p535?3p%4s51 

Rb (37) 19225?2p535?3p93d104574 0551 


In all these cases, the number of V. E.=1. 


However, there are a few groups (V B through VIII) where some 


variation in the type of valence electrons is seen, but the total 
number is the same, 


In group IVA and V, 
fluences the chemica 
SO pronounced. 


_ Group VIIT is a spe ial 
within this group, pie cal: 


for example, the size of the kernel in- 
l behaviour, and so group similarities are not 


There are three vertical columns 


: 
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Group VIII 


Fe Co Ni 
Ru Rh Pd 
Os Ir Pt 


These elements have so many valence electrons. The total num- 
ber of valence electrons is less important. The chemical behavi- 
our of these elements is controlled by some other factors also. 
Consequently, horizontal elements as well as vertical elements in the 
period show chemical similarity. It is therefore, that all nine elements 
have been put in a single group. 

The chemical behaviour of some elements also depends on the 
type of electrons in the valence shell. On this basis, the elements 
have been sub-divided into three types. Each of these three types 
is identified by the kind of differentiating electron in the atomic 
structures. The differentiating electron is one which does not appear 
in the structure of atoms of next lowest atomic number. 

Li (3) 1522s! P (15) 1522522p935?3p? 

The differentiating electron in Li is 2s, while in P it is 3p. 

The elements having s or p differentiating electrons are called 
representative elements. They have only s and p valence electrons. 
They include all the A" group elements in the periodic table plus 
Group II B. 

Elements with d differentiating electrons are called transition 
elements. They have s and d valence electrons. They include “B”? 
groups in the table, except IIB. 

Elements with f differentiating electrons are called inner transi- 
tion elements. All parts of group IIIB and that given at the bottom 
of the table are included in this. 


Division of Elements into Blocks 


The division of elements into Blocks in the periodic table is 
based on the electronic configurations : 


1. s-Block Elements 
2. p-Block Elements 
3. d-Block Elements 
4. f-Block Elements. 
s-Block elements— The elements belonging to groups IA, UA 
and Helium of the Zero-group are called s-block elements. These 
are so called because their atoms receive the last electron in the s 
sub-level of their outermost energy shell. 
H (1) 1st Na (11) 1522522p93s! 
:He(2) Tisi K (19) 1522522p93523p*15!. 
Li (3) 1522s! 
p-Block elements—The elements belonging to Groups IIB, MIA, 
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IVA, VA, VIA, VIIA and Zero (except helium) are called p-block 
elements. The atoms of these elements receive the last, electron in 
their p-sublevels. 


N (7) 1522522p9 
P(15)  1s92s52p53s?3p? 
d-Block elements—The elements belonging to Groups IB, IIIB, IVB, 
VB, VIB and VIIB and VIII are called d-block elements. Theatoms 
of these elements have d-sublevels in the penultimate shell empty 
and hence, the last electron enters into these d sublevels. The ele- 


ments from Sc to Zn in the fourth period, from Y to Cd in the fifth 
period and from La to Hg in the sixth period are d-block elements. 


{Block elements—The elements in which the last electron enters 
the f-sublevels of the their atoms are called f-block elements. 


The 14 lanthanides and 14 actinides (from Th to. Lw) are f-block 
elements. à 


The cause of periodicity in 


properties is the recurrence of similar 
outer electronic configurations 


at definite regular intervals. 
Position of Elements in the Periodic Table 


The position of elements in the periodic table can be determined 
from the electronic configurations. 


The number of electrons in the last and last bu i - 
mines the group number. TOL ses 


Example : 
* Ed out the positions of tlie following elements in the periodic 
able : 
(i) Nat? and (ii) Cus 
Solution : 


(i) Na? has the following electronic configuration : 


Ts? 2s 2p* 351 
Number of orbits- 3, 
e Period — 3, 
Number of electrons in the last orbit— 1. 


All Preceding orbits are completely filled. 
Hence, group is IA. 
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(ii) es has the electronic configuration : 
1s? 2s?2p* 3s°3p%3d1°4st 


Number of orbits—4. 

ot Period =4. 

Number of electrons in the last orbit=1. 

As d-clectrons are also involved, the group is IB. 


Atomic Properties of Elements 


Some of the properties of elements vary periodically with atomic 
number. These properties are directly related to the electronic confi- 
guration of elements. There are other properties like density, 
melting point etc. which are only indirectly connected to the 
electronic configuration. 

1. Valency—The valency is the combining capacity of an element. 
The valencies of the representative elements (s and p block elements 
of groups I A to VILA) are generally expressed by x or (8—x), 
where x is the group number. t 

Uae ghee Ud 


Group IA IA TA IVA VA VIA. VITA 


Examples HCI BECI BCR CH, "Ni; HO HE: 
H40 CaCl, ALO, CO, © PCI, HS" HCI 


NaCl CaO SiO; PCl; i SF; ClO; 
LLLA ee 


The number of electrons in the outermost orbit of an atom 
determines the valency of the element. Hence, these electrons are 
referred to as the valence electrons. 


Valency = Number of valence electrons 
or, 
Valency =(8= Number of valence electrons). 
2. Atomic size or Atomic radius—It is difficult to determine the 
actual size of an atom. However, by knowing the distances between 


ea in molecules, the approximate size of atoms can be deter- 
mined. 


Atomic radius increases in going from top to bottom ina group 
of the periodic table. This is due to the presence of increasing 
number of electron shells. It is true that nuclear charge also increases, 
but its effect is small as compared to the effect of a new shell of 
electrons being added. The underlying electrons in the inner shells 
shield the outermost electron from the nucleus. 
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At. No. | Element Atomic radius (A; 
3 | Li 123 
11 | Na 1:57 
19 | K 2:03 
37 | Rb 216 
55 | Cs 2:35 


Atomic radius decreases in going from left to right in a period 
of the periodic table. This is due to the effect of the increasing 
nuclear charge, while the extra electrons are being added to the 
same shell. With the increased nuclear charge the: electron shells 
are pulled in to a greater extent. The atomic radius is therefore, 
decreased. 


At. No. 3 | 4 5 Sj Nhs ala [79 
oS CRE rane NERO di PM 
Element Li | Be B C N [^] F 


Atomic radius (A) 1:23 | 0:89 | 080 | 077 | 074| 074 | 072 


3. Tonisation Potential —The energy required to remove the most 
loosely bound electron from the outermost orbit of an isolated 
gaseous atom, is called the ionisation potential. 

Na(g) energy Na*(g)--e 

This is also known as the First Tonisation Potential, 

The energy needed to remove the second electron from 
positive ion is called Second Ionisation Potential. 

Na*(g)-- energy-Na'*(g) + e 

The second LP. is always greater than the first I.P., as some 
extra energy has to be applied to overcome the force of attraction 
due to the positive charge. 

The I.P. is usually measured in electron volt. 

The factors influencing the ionisation potential are : 


(i) Atomic size, (ii) Charge on the nucleus, (iii) Screening effect 


of inner electron shells and (iv) Type of electron involved, (v) Half 
filled and completely filled orbitals. 


(i) In a small atom the electrons are strongly held. In large atoms 
the electrons are weakly held. The ionisation potential, thus, decrea- 


Sun increasing size of the atom. Thus, LP. of K is less than that 
ot Na. 2 


a mono- 
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(ii) Charge on the nucleus also affects the value of I.P. The greater 
the nuclear charge, higher is the value of I.P. Thus, LP. of 
Mg is greater than that of Na, partly due to the increased nuclear 
charge and partly due to the smaller size of Mg. Due to the 
increased nuclear charge the size of Na* is less than a Na atom. 

(iii) A valence-shell electron experiences an attractive force with 
the nucleus and a repulsive force from the inner-shell electrons. The 
combined effect of these two forces is that the attractive force is 
weakened. Hence, the ionisation potential decreases. . 

The weakening of the attractive force due to the presence of 
inner electron shells between the nucleus and the valence shell elec- 
tron is known as screening effect or shielding effect. 

Greater the shielding effect, lower is the value of ionisation 
potential. 

(iv). An s electron is much nearer to the nucleus. Hence, it is 
much more strongly held to the nucleus by the electrostatic force of 
attraction. It is for this reason that the removal of s electron is 
difficult as compared to p, d or f electrons. Thus, I.P. decreases in 
the order : 

s>p>d>f. 

(v) Half filled and completely filled orbitals—A half filled (ns!, np?, 
nd*) or completely filled (ns?, np$, nd?) orbitals are more stable. 
Hence, more energy is required to remove them from these orbitals. 
Thus, the I. P. of an atom having such orbitals is comparatively 
higher. : 

The LP. decreases in moving from top to bottom in a group of 
the periodic table due to the increased atomic size. 


Group I IR: 
Li 5:39 eV 
Na 5714 ,, 
K 434 ,, 
Rb 4°18 5, 
Cs 3°89 ,, 


The I.P. increases in going from left to right in a period of the 
periodic table due to the decreased atomic size. 

Period 3 Na Mg Al Si iP S cl Ar 

First I.P: (eV) 5:1 ^76 60 82  1Lr0 104 130 157 

The change across a period is not regular because the removal 
of s electron is more difficult than p or d. 

The ionisation potential of an atom varies according to 
Coulomb’s law : 

B= s 
h 
where, g,=charge on an electron, 


qa = effective nuclear charge 
r —- average radius of the electron ionised. 
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The electron ionised is the one for which the energy required is 
a minimum. I 


E= I— i 


Thus, the ionisation potential will be lowest when the effective 
nuclear charge (Zeff) is small and when the average radius of the 
electron is large. 

4. Electron Affinity—The amount of energy released or absorbed 
when a neutral gaseous atom takes up an electron is called electron 
affinity. 

Cl(g)--e CI-(g)4-Energy. 

The uninegative ion thus formed repels the addition of further 
electrons. Hence, energy is required to add on a second electron. 

As an example, when an Oxygen atom takes up one electron, 
energy is released. 

O+e>0-+1°48 eV 
But when an additional electron is added to the O- ion, a large 
amount of energy is required to. complete the reaction. 
, O- +e+0--—7:3 eV 
Electron affinity depends on : 
(i) size of the atom, 
(ii) effective nuclear charge. 
The electron affinity decreases as we go down a group in the 


periodic table. _ This is because the size of the atom increases and 
the electron being added goes to higher shells. 


Group VIIA At. No. Electron affinity (eV) 


F 9 3:62 
Ci 17 3°79 
Br 35 3°56 
I 53 3:28 


The electron affinity increases as we move from left to rightin a 
period of the Periodic Table. This is because the size of the atom 
decreases, and the effective nuclear charge increases. 


It is found that non-metals.. have higher electron affinities than 
metals. 


The electron affinity values of elements enable us to predict the 
relative tendency of clemenis to gain electrons during chemical 
reactions, 

5. Electzonegativity—The electronegativity is defined as the power 
of the atom in a molecule to attract covalently bonded electron pair 
towards itself. In contrast to ionisation potential and electron 
affinity, clectronegativity can be considered for elements in any 
environment, either as free atoms or as parts of molecules. 

Electronegativity is a relative. value. Generally, small atoms 
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attract electrons more than large ones and are, therefore, more 


electronegative. 
I. P. and E. A. may be regarded as a measure of electronega- 


tivity. 
PREE 

56 j 

The values of electronegativities on Pauling’s scale are given 
below : 


Electronegativity = 


H 

2*T 
Li Be C N oO HE 
1:0 15 2:0 2/9 3:0 3:5 40 
Na Meg A Si P s cl 
0:9 1:2 1:5 1'8 2:1 25 3:0 
K Ca c Ge As Se Br 
0'8 10 13 127 2:0 2:4 2:8 
Rb Sr Sn Te I 
0:8 10 jr) 21 2:4 
Cs Ba 
0:7 0:9 


The electronegativity increases with increasing number of valence 
electrons for the metals in groups T, and 111. 


Questions 


Long Answer Type : 


1. Write the periodic law on which Mendeleev's classification of clements is 
based. Give three defects in Mendeleey’s periodic table. 

2. What is modern period law? How have the shortcomings of 
Mendeleev's periodic table been removed with the adoption of this law as the basis 
of classification of elements ? 

3. Describe the merits of Mendeleeor’s periodic table. (M. U. 1978A) 

4. Ascertain the position (Group and Periód both) of the following ele- 
ments in the periodic table : d 

a) Magnesiui i ini d) Phosphorus an 
© OR gnesium, (b) Calcium, (c) Aluminium, (d) [3 U 19718) 

5. What are the basis and utility of the classification of elements into s, p, d 
and f blocks in the periodic table ? (B. U. 1978A) 

6. Write about th iodic t: discuss its features. 

e modern periodic table and discus: (M. U. 1981A) 


7. Account for the general variation inionisation potential among the ele- 
ments of a periodic group. 
8. Which ion, Cot or Cot*--, would you expect to have thesmailler radius ? 
Explain. À 
9. Account for the following : 
(i) Na+ is smaller than Na. 
(i) CI- is greater than C/. 2 
(iii) First I. P. of Mg is greater than that of both Na and Al. 
10. On the basis of electronegativity differences, list the following compounds 
in the order of increasing ionic character : 
NaBr, NaF, CaS, MgO, HF, AIP, CH, 
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Short Answer Type : 


1. Differentiate between Mendeleev's periodic table and modern periodic 
table. 
2. An element has the electronic configuration 1s? 2s* 2p* 35? 3p* 3d? 4s*. 
What is the position of this element in the periodic table ? 
3. Account for the difference in ionisation potential between : 
(a) He and Li, (b) Li and Be, (c) Beand B, (d) Nand O. 
4. Give reasons for the difference in clectron affinity between the following 
pairs of atoms : 
(a) Oand F 
.(b) Cland Br 
(c) Cland F. 
5. Which ion is largest in each of the following pairs ? 
G) Nat and Mgt+ 
(ii) Mgt+ and Cat 
(iii) Cl- and K+. 
6. How is electronegativity of an clement related to the ionisation potential 
and electron affinity ? 
7. Define ionisation potential. 
8. Mention the factors on which the I. P. of an element depends. 
9. State Mendeleev's periodic law. 


10. How is ionisation potential related to atomic size ? (B. U. 1978) 
M. How does I. P. of an element vary in a group and period of the periodic 
table ? (B. U. 1980) 


. . 12. What is a period in a Periodic Table ? How do atomic structures change 
in a period with increase in atomic numbers from left to right ? 


(A) Objective Questions : 


1. The vertical columns in the Periodic Table are called 
(i) periods (ii) groups (iii) ordinal numbers. 
2. The horizontal rows in the Periodic Table are kn 
() Groups (ii) Periods (iii Duma's O AEA 
3. The element with atomic number 11 belongs to 
d) First period (ii) Second i 
(iii) Third period (iv) Fourth Seed 
4. Sets of elements are gi el 3 ich x 
iens re given below. Select the set which belongs to alkali 
(i) Z=2, 8, 18 
(ii) Z=3, 11, 19 
(iii) Z=4, 12, 20 
fiv) none of these. 
5. The short form of the periodic table was devised by 
(i) Dalton (ii) Newlands (iii) Moseley (iv) Mendeleev. 
6. The Jong form of the periodic table was devised by 
(i) Rutherford (ii) Moseley (iii) Duma (iv) Thomson, 
7. From the following list select the elements which belong to the first 


p. 
(52:53, 18, 132 ; Gi) Z=12, 16, 18 
(i) Z=11, 19, 37, 55 (v) Z= 5, 10, 15, 20. 
8. Which of the following is called the coinage metal ? 
(i) Cu, (ii) Fe, (iii) Af, (iv) Mg. 
9. The Jaw of triad was propounded by 
(i) Dobereiner ii 
Gii) Newland i Me 


grou 
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10. Diagonal relationship is shown by 


(i) Li and Na (ii) Li and Mg 
(iii) Be and Hg (iv) Zn and Cd. 
11, The alkali metals are 
(i) Li, Na, K (ii) Ca, Sr and Ba 
(iii) Zn, Cd, Hg (iv) Fe, Co, Ni. 
12. The alkaline earth metals are 
(i) Li, Na, K (ii). Ca, Sr, Ba 
(iii) Zn, Cd, Hg (iv) Fe, Co, Ni. 
13. Outer transition elements are calied 
(i) s block elements (ii) p block elements 
(iii) d block elements (iv) f block elements. 


14. The metal which exists as liquid at the ordinary temperature is 
(i) Na (ii) Hg (iii) Ag (iv) Fe. 
15. The lightest and uninflammable gaseous element is 
(i) H (ii) He (iii) O, (v) Ar. 
16. The ionisation potential of elements from top to bottom in a group of 
the periodic table 


(1) decreases (ii) increases 

(iii) remains constant (iv) none of the above. 

17. Which of the following elements has lowest value of electronegativity ? 
(i) Sodium (ii) Chlorine 

(iii) Potassium (iv) Carbon. 


18. Elements whose valency electrons are found to occupy outermost orbitals 
are called 
(i) s-block elements (ii) p-block elements 
(iii) d-block elements (iy) f-block elements. 
19. Which of;the following is the most general property of all the transitional 
elements ? 
(i) They are metals 
(ii) They all occur in variable oxidation states 
(iii) All transitional elements are paramagnetic 
(iv) All transitional elements form complexes, 
20. Which one of the following is a metalloid ? 
(i) Brass (ii) Mercury (iii) Graphite (iv) Arsenic. 
21. Halogen is the name given to family of elements haying the outer 
electronic configuration : 
(i) sp? — (ii) s*p* Gii) (iv) sip". 
22. Which one of the following elements has the lowest ionisation potential ? 
(i) F Gi) CI (iii) Br (iv) I. 
23. Which of the following pairs of elements suggests anomaly in Mendeleey's 
periodic table ? H 
(i) Be, B (ii) Te, 7 (iii) Cu, Za (iv) Ca, Ba. 
24. Which of the following atoms has the largest size ? 
(i) F (ii) Cl (iii) Br (iv) I. 
25. Which of the following statements is correct ? 
(i) First I. P. of Mz is greater than the first I. P. of Na. 
(ii) Second]. P. of Mg is greater than the second 1. P. of Na. 
(iii) First I. P. of Mg is equal to the first I. P. of Na. 
(iv) Atomic number of elements in a group decreases. 
26. Atomic radii is 
(i) half bond length (ii) bond length (iii) the distance between centres of 
two adjacent atoms (iv) the distance between any two atoms. 
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27. Non-metals are arranged in a group in 
(i) ascending order of activity 
(ii) ascending order of electronegativity 
(iii) ascending order of electropositiveness 
(iv) none of the above. (PMDT 1977) 
28. Elements towards the left hand of the periodic table 
(i) tend to be metals 
(ii) have greater tendency to combine with non-metals 
(iii) tend to have lower m. p. than elements at right hand side 
(iv) arealways transition metals. (PMDT 1977) 
29. The order of reactivity of halogens is 


(i) F, Cl, Br, I Gi) I, Br, Cl, F 
Gii) Br, I, F, cl (v) Cl, Br, I, F. (PMDT 1977) 
" .30. In the periodic table, elements are arranged in the ascending order of 
their 


(i) atomic weights 
(iii) atomic numbers 


31. The most important oxidati 


(i) atomic volumes 
(iv) atomic heats, 


RE on state of an element belonging to group 
@ +1 G) —1 Gi) +2 (iy) eo: 
32. Which of the following is a p-block element ? 
à) Na (i). AL (ii) Ca (iv) Fe, 


33. An element belonging to group VA has 
(i) 5 valence electrons 
(ii) 8 valence electrons. 
34. Which of the following is the fundamenta. 


(i) Atomic weight (it) Atomi 
(ii) Atomic volume (iv) Density, Me 


35. Which of the following has the maximum ionisation potential 2 
() Neon (ii) Calcium (iii) Potassium (iv) Magnesium 
B) Fill up the blanks : 
1. The ionisation potential. de TUN 
of the periodic table. Swe move from left to right in a period 
2. The long form of the periodic table is based on 
3. The ‘properties of elements with atomi : 
element with atomic number............ mic number 10 will resemble the 


4. In the long form of periodic table, there are vertica 
ENET and horizontal columns known as 


5. First period is known as............period and i 
6. Second and third periods are iowa as PE aa 
elements each, 
Ans. A 1. (ji), 2. (i), 3. (iii), 4. (ii), 
9, G), 10. (ii), 11. (i), 12. (ij), 13. (ii), $ 
pi n A (i), an Du 21. (ii), 22. (i), 
- (D, 27. (iii), Gi), 29.(i) 30. (iii 
45. th (ii) ( (D, 30. (iii) 


Ci) 3 valence electrons 


l property of the element ? 


l columns known as 


i), 7. (id, 9. (0, 
iD. 16. (i), 17. (iii), 
(v), 25. (i), 


B. 1. increases, 2. atomic [number, 


"sho 4. grou i 
5. short, two, e ROT d UNA 


000 


CHAPTER 4 
RADIOACTIVITY 


Radioactivity was an accidental discovery in science. Henry 
Becquerel in 1896, while exploring the properties of X-rays, found 
that potassium uranyl sulphate could darken a photographic plate 
in the sunlight or even when wrapped in a black paper. It was thus 
concluded that a type of radiation was emitted from uranyl salt. 
This radiation affected a photographic plate and passed through 
several layers of materials, opaque to ordinary light. 

Mme Curie pursued the investigation of such materials and 
found two new elements, polonium and radium, which also gave out 
even more powerful radiations. ; 

The property that certain substances emit a type of radiation 
which can affect a photographic plate, is,called radioactivity. Such 
substances are called raidoactive. Thus, Uranium, Polonium and 
Radium are all radioactive elements. 

Types of radiation : The radiation produced by radioactive ele- 
ments consists of three distinct types : 

(i) a-rays : The positively charged rays are called o rays. 

(ii) B-rays : The negatively charged rays are called B-rays. 

(iii) v-rays : The rays remaining unaffected by electrical or 
magnetic fields are called the gamma (Y) rays. 


Photographic plate 


Properties of o, B and Y rays : 


a-rays—(i) The a-rays consist of particles carrying 2 units of 
positive charge and a mass of 4 units. Thus, o-particies are in reality 
doubly charged helium atoms (He**). 

(ii) The a-rays cause phosphorescence on a Zinc sulphide screen 
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(iii) The energies of a-particles range from 4 to 10 Mev, and the 
velocities from 1°4 x 10? to 2°2 x 10? cm sec. 

(iv) The a-particles travel in straight lines and when they pass 
through a ‘gas they knock out some electrons and produce ionised 
molecules of the gas. / 

(v) In an electric field, the a-particles are deflected’ towards the 
negative pole, indicating that these particles are positively charged. 

(vi) The a-particles can penetrate through thin sheets of alumi- 
nium. However, they can be stopped by an aluminium foil having 
thickness of less than 0:1 mm. 

B-rays—(i) The B-rays consist of a stream of electrons. 


(ij) They travel through gases along much more erratic paths 
with velocity close to that of light. 


(iii) They are about 100 times more penetrating than a-rays. 


(iv) In an electric or magnetic field, their direction of deviation 


Shows that they consist of negatively charged particles, identical to 
electrons. 


(v) They possess negligible mass and smaller momentum. 
Y-rays—(i) These are massless and uncharged particles and hence 
remain undeflected in electric or magnetic fields. 


(ii) They are electromagnetic radiations of very short wave- 
lengths (between 10-5 and 10-1 cm), 


(iii) Y-rays are extremely penetrating. They are capable of pene- 
trating 100 centimetres thick sheet of aluminium. 

(iv) Toxicity— They are harmful to living tissues. 

(v) They are weak ionisers of gases. 


a Types of Radioactivity—There are in all two types of radioacti- 
vity : 

(i) Natural radioactivity—The substance which emits radiations 
by itself is Said to possess natural radioactivity. For example, 
uranium, radium and thorium are naturally occurring radioactive 
elements, because they emit radiations spontaneously. 


(ii) Artificial or Induced radioactivity— There are substances 
which are not radioactive by themselves, hut they begin to show 
radioactivity when placed under the influence of rays from a natural 


radioactive substance. Such a phenomenon is known as artificial 
or induced radioactivity. 


Radioactive Decay : 


Radioactivity is a spontaneous decay ofthe nucleus. During 


radiation a, D, positron etc. are emitted from the nuclei of radioac- 
tive elements. 
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The effect of decay reactions occurring in natural radioactive 
substances may be summarised as follows : 

(i) a-emission—Loss of an a-particle from the nucleus of an atom 
decreases its atomic number by two units and its atomic mass by 
four units. 


227 223 4 p 
ACgg— —— — Atg; + Heo (a-particle) 

224 220 4 » 
Rags———— Rigg +- Hes (a-particle) 


(ii) B-emission—Loss of a f-particle from the nucleus of an atom 
increases its atomic number by one unit and does not appreciably 
change its atomic mass. 


28 28 0 1 
Aliy; ——— >Si + e (B-particle) 
14 2 11 0 
C,———— N; + ea (B-particle) 


(iii) Positron-emission—Loss of a positron from the nucleus of 
an atom decreasesits atomic number by one unit and does not 
appreciably change its atomic mass. 

27 t 27 0 
Si, ———— Alis + € 

(iv) Electron-capture— Capture of an' electron by. the nucleus of 
an atom (usually K electron-capture occurs) decreases its atomic num- 
ber by one unit and does not appreciably change the atomic mass. 


49 0 49 
Vogt C4 -——> Tig 


Each of the above nuclear reactions occurs spontaneously. 


Group Displacement Law : 


Radioactive decay is. a nuclear change. This means that as a 
result of this change, transformation of one element into another 
takes place. 


4 

(i) «-emission—Due to the emission of an a-particle (ua) from 
the nucleus of a radioactive element the new element has atomic 
number two units less than that of the parent element. The new 
element, thus, occupies a position two groups to the left of that of 
the parent element in the Periodic table. 
For example, Polonium b) belongs to group VI A ofthe 
periodic table. When it loses an a-particle, it is changed into 


s t 211 = 
radioactive lead (oe ) which is placed in group IV A. 

(ii) B-emission—By the emission of a B-particle from the nucleus 
of a radioactive element the new element formed has atomic number 
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one unit more than that of the parent element. The new element, 
thus, goes one place to the right'in the periodic table. 


211 
For example, radioactive Lead (nt ) 


> an element of group 
IV A, emits a B-particle and is changed 


into radioactive Bismuth 
(p) which belongs to group VA. 


These two effects of a- 


emission and f-emission are known as 
Group Displacement Law. 


IIIA IVA VA VIA - VIIA 
211 a 215 
Pbgy «— —Po0g4 
NB 
ANS 
Na B 211 


Biss ———-> Pog, 
Radioactive Isotopes—As a result of expulsion of one a-particle 
a 215 211 E 815 211 
and two -particles from Pog; , Pog, , is produced, Pog, and Pos, are 


isotopes, because they have the same atomic number (84) but diffe- 
rent atomic masses (215 and 211). 


Rate of Atomic Disintegration 


The rate of decay of a rádioactive element is independent of 
temperature and Pressure, or any other external factors. In all 


radioactive disintegrations, it has been found that the number of 
atoms disintegrating per 


à unit time is proportiona] to the number of 
atoms present at any instant. Thus, 


dN dN — 
rm oN, or = XN 


where N is the number of radioactive atoms present at any instant, 
4 is the proportionality constant, called disintegration or decay 
constant. This constant has a characteristic value for a particular 
radioactive element. 


Rearranging the above equation, we get, 


a =—)dt; or (a -alar 
or InN — —at4 C, 
where C is the constant of integration. 
When, t=0, N — N, (number of atoms initially present). 
^ InNg=C; <. InN 2 — At E nN, 
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Or In NT —At; or NN,e-^. 
N 
2:303 log——— —2t 
ao 30 OEN, 
NoE 
or log ȘT 2503 


It, thus, follows that radioactive disintegration is an exponential 
decay process. 

Half-life Period—The amount of a radioactive element goes on 
decreasing with time. "The amount which disintegrates per unit 
time also goes on decreasing. Suppose, we start with 100 g of radium. 
The half of this amount disintegrates in 1590 years. Hence, at the 
end of 1590 years, only 50 g radium will be left. Inthe end of the 
next 1590 years, the amount of radium left will be only 25 g. 


1590 yrs 1590 yrs 


100 g — 350 g————-25 g 


This process continues infinitely. The entire amount will never 
disintegrate completely. The time required for the complete dis- 
integration is infinity, though the amount may become too small to 
be measured. Hence, in actual practice, the time for complete dis- 
integration does not carry any. meaning. Hence, the period taken 
is the half-life period, which is defined as : 


The half-life period of a radioactive element is the time required 


for the disintegration of one-half of the atoms of radioactive species 
initially present. 


Half-life period is a characteristic property of a radioactive 
species. Different radioactive elements have different half-life 
periods. 


log = F su ; 
for half-life, N=4N), 
log en Z us ; (tı — half-life period) 
or log 2= E 


The half-life period is thus inversely proportional to the 
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positively charged protons and protons. These attractive forces are 
Known as Nuclear forces. 

The exact nature of the nuclear forces i 
In 1935, Yukawa, a Japanese physicist 
particle, called Meson, which oscillates between nucleons. "These . 
mesons interact with protons and neutrons, thereby changing a 
proton into a neutron, and a neutron into a proton. 


s not known even today. 
, Suggested a new type of 


Proton +n-=Neutron 
Neutron +zx*=Proton 


There is, thus, an exchange of meson between neighbouring 

nucleons. This causes attraction between proton and neutron. 
Binding Energy—Binding energy is the energy difference between 

the actual mass of an atom and mass of its nuclear components: 


(proton, neutron and electron). It is expressed in million electron 
volts (meV). 


1 amu=93] meV 


Binding energy per nucleon is the bindin 


8 energy divided by the 
number of nucleons present in the nucleus, 


Artificial Transmutation of Elements 


Itisnow firmly established that natural radioactive elements 
can be transmuted or transformed into new elements with the 
emission of a, or B particles, It was Rutherford who first tried the 
possibility of artificial transmutation, i.e., the transformation of one 
element into another by artificial means, 

‘In 1919, Rutherford reported that the bom 
by a-particles obtained fro 


bardment of nitrogen 
a nuclear reaction which c 


m polonium (a radioactive element) starts 
an be represented as, 


14 4 1 17 
N: +He,——>H, TOR 
Since then, a large number o 


f transmutations have now been 
brought about by the bombardm 


ent of different elements with parti- 
cles, such as protons, neutrons, electrons etc, In 1931, Chadwick 
discovered a chargeless particle, called neutron by the bombardment 
of beryllium with a-particles, 


9 4 12 1 

Be, +.He, >C, + mg 

At present, the neutrons have proved to be more useful tham 
a-particles. 


(neutron) 


Artificial transmutation of historic importance was achieved. by 
I. Joliot and F, Joliot in 1934 who found that when aluminium was 
bombarded by a-particles, the metal became radioactive. due to its 
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transformation into radioactive phosphorus. 


27 4 30 1 
Alyy - Hes >Pis + Mo 


30 30 
Pi; being radioactive itself changes to a stable nuclide Siia, even 


if the bombardment is stopped. 


70 30 0 E 
Pag—Sig + en (positron) 
This was the first observed case of artificial or induced radio- 


activity. 
Some typical examples of artificial transmutation are : 
24 4 27 1 
Mgs + Hes — Sia T lo 
| 
427 0 4 
Alis +e}; (positron) 
(stable) 
10 4 13 2d 
B; + He,- > Ms +N 
Yas 0 , 
Cs +e} (positron) 
(stable) 


7 EL 8 
Li, + Hj - , Be +Y 
(Proton) 
23 2 24 1 
Nay, + Di > Nay +H, 
(Deuteron) - 
Nuclear Fission : 


According to the concept of nuclear binding energy, an 
appreciable amount of energy is released when very heavy nuclei 
split into smaller nuclei. For example, bombardment of uranium 
by neutrons involves at least two sequences of nuclear reactions. 


239 -B 239 -n 
^ ——, 
US Uo NP 93 
NOD S 3 
x xX 
238 ~~ 
U zs 
92 QA 
ee, 


“ory 
2) 
oN Fission Products 


In one of these the uranium-235 isotope absorbs a low-energy neutron 
and forms a fissionable or unstable nucleus. 


235 1 ise fission 
Up + no Usi A Bas Kr etc. +200 MeV 
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The fission products include a ‘mixture of isotopes whose atomic 
masses are about half that of the fissile uranium. Three neutrons 
are produced by each U2%5 atom. "These neutrons in turn react with 
additional U?** nuclei. A chain reaction is, thus, started, 


The chain continues till the entire amount of U?35 has reacted. 


It is to be noted that only neutrons at thermal enérgy levels: (5 
to 10 eV) are absorbed by U?35 atoms. But the neutrons produced 
in the fission reactions are extremely energetic Hence, these high- 
energy neutrons have to be slowed down. This requires large mass 
of uranium-235. This is known as the critical mass. Any quantity 
less than this is safe to handle. The Atomic Bomb is, therefore, 
constructed of two sub-critical masses, which are brought in con tact 
only at the time of explosion so as to form a super-critical mass. 

The nuclear reactions involved in fission are con 
reactors. In this therate of neutron- 


ite, Heavy water etc.). Cadmium 
r Used as neutron-absorbers. These neutron- 
absorbers bring the high-energy neutrons to thermal levels. 


Thus, the energy released during the reaction is controlled. 


Concept of Isotopes 


Periodic table. 

In the light of the atomic structure, the isotopes 

e 1 5 pes of an element 
are atoms whose nuclei contain (he same number -of 

different number of neutrons, iuvat 


Examples : (i) Isotopes of Hydrogen—There are three iso 
1 0 Ti t 
hydrogen : protium, deuterium and tritium, E a a, 


© © 


(Protium) (Deuterium) (Tritium) 
Proton=0 Proton=1 Proton=1 
Neutron=0 Neutron=] Neutron=2 
+. At. No.=] 4. Atomic No.=1 At. No.=1 
At. mass =] 


Atomic Mass=2 Atomic Mass=3 
These are symbolised as : Hi Hy H, 
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(ii) Isotopes of Oxygen—The three isotopes of oxygen have the 
same atomic number, i.e., 8 but their atomic masses are 16, 17 
and 18. . 

(iii) Isotopes of Magnesium— The three isotopes of Mg have the 
atomic masses 24, 25 and 26. 


The isotopes of O and Mg are shown in the figure. 

Similarly, argon has two common isotopes whose atomic masses 
care 36 and 40. 

Isotopes of several elements together with their atomic masses 


are given in table below : 


Atomic number Elements Atomic masses 
1 H 12:3 
6 iC 12, 13 
8 | o 16, 17, 18 
10 j Ne 20, 21, 22 
12 | Mg 24, 25, 26 
16 S 32, 33, 34 
17 | CI 35, 37, 39 
18 i Ar 36, 38, 40 
19 K 39, 40, 41 
47 Ag 107, 109 
82 Pb 203, 204, 205, 206, 
207, 208, 209, 210 
92 U 234, 235, 238, 239 


Fractional Atomic Weight—The fractional atomic weight of an 
element is due to different proportions of its isotopes present in the 
element. 

For example, chlorine has two isotopes, C1 and CIV, in the 
proportion of 3:1. 
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Average atomic weight 335: 1x37 


= 35°5. 


Isobars 
Atoms of different elements having different atomic numbers but 
the same mass number are called isobars. 
40 40 
Example : K,, and Cas 
The isobars have different number of protons, neutrons and 
electrons, but the sum of protons and neutrons is the same. 
Iso-electronic Ions 


The ions containing the same number of electrons are called iso- 
electronic ions. 


Example: Nat and Mg**. 


Solved Numerical Problems 


1. One gram of radium is found to emit 3:70x 107? particles per 
second. Calculate the half-life period of radium. 
Solution : Number of atoms in 1 g Ra 


. 2: 
= SOR I0 =2'66% 1021 atoms. (Ra=226) 


aN 


Now, s =A -Adt 
— _(dN/dt) 
= Lae 
or 
e870 ee fa eer 
Wer va dm tO seo 


5 : _ 0693 0:693 
«<. Half-life, fpa 7i39xigu 9€ 
=5X 10" sec= 1580 years. 
2. A radioactive element decays at such a rate that after 68 min, 


ith of the original amount remains. Calculate its decay constant 
and half-life period, 


Solution : at= No, 
UY 
After 68 min, 1th of the original amount remains. 
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N, N, 
ax 68=In 22 = o = 
So, x n N Inna 1n4 
à x 68 =2'303 log4 


_ 2303 log4 _ 2°303 06021 


ij ui 68 
—0:02038 min“. 
3 f | 0:693. 0603 _ 
Half-life period, fija —3,— = 002035 —34:0 min 


3. What is the rate of disintegration (activity) of 0:001 g of & 
sample of Ra?" if, 13/5 1620 years ? 


Solution : tyj2= 2 
ne 0:693 0:693 


ha (1620X 365% 24 x60) 
[ —8:137x 1071? min? 
226 g Ra contains 6'023 x 10?? atoms, 


Y 234 (): 
0:001g ,, 2 602x10x00 atoms, 
—2:665 x 10!5 atoms. 
Novum Nes de CN 
dt 


—8:137 x 10-°min-! x 2:665 x 1015 atoms 

—2:167 x 10? atoms min™. 
_ 4. The half-life period of Radon is 3:824 days. How long= would 
it take for 75% of the sample to disintegrate ? 
0:693 


Solution: — 1j» eL 


— 0693 0603 9811 day. 


ssa Se 
ha . 3824 days 


Let N be the number of atoms present at any time f; and No be 


the number of atoms present initially. Then, 


: No at 
2:303 log N 
Here, N,=100 ; d 
N-2100—75—25 
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2:303 log 100 -0:1811 dayi% z 


25 
or 2:303 xlog4— 0:1811 dày xt 
a aOR Og ee ea dave 
EE 20:181 days ys. 


5. The half-life period of Cu 


is 5720 years. Calculate the fraction 
of C“ left at the end of 10,000 ye 


ars. 
Solution : £y, 263 


=— MÀ LIU lI. «1474 =y 
5720 1'212x14 year-i 


Now, 2303 log = it 
0 


N AiO 1-212 x 19-4 year x 10000 years 
BU EN RO ZEUS iO RET 


= —0:5260— 1-4740 


NO x 
ee 2979. 


Solution : Mass of six a-particles— 6 x 4— 24 units 


Positive charge of six a-particles — 6 2 — +12 units 
Mass of 4 B-particles = 0 


Negative charge of 4 B-particles= — 4 units, 
Loss of mass due to emission of both «and B particles 
=24+0=24 units 
Loss of charge due to 
=+12—4=8 units 
Atomic weight of the new element=232—24= 208. 
tomic number of the new element = 90—8 — 82. 


7. From the following nuclear reactions, predict the positions of 
Po, Mg and C in the periodic table : 


emission of both a and B-particles 


; 210 206 4 
G) Po, GOV n He, 
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27 27 
(i) Mg > Alh, + e 
14 14 0 
(i), Ce > No + e, 
It is known that Pb, Al and N belong to groups IVA, IIIA and 
VA respectively. 


4 
Solution : (i) He, is emitted. As Pb belongs to group IVA, 
the parent element Po must belong to group VIA. 


0 
(ii) In this reaction, a p-particle E] is emitted. It shows that 
the parent element Mg belongs to group IIA because the daughter 
element A/ belongs to group IIIA. 


(iii) In this reaction, a B-particle [es is emitted. It shows that 
C belongs to group IVA because the new element N belongs to. 
group VA. 


8. Calculate the number of alpha and beta particles emitted 


232 208 
when radioactive Thy) changes into Phas : 
Solution : Change in atomic mass — 232 — 208 — 24. 


j ^ E er Aa 
E (nd ) particles emitted == =6. 


Expected decrease in atomic number due to emission of six 
a-particles=6 X 2=12 
-. Expected atomic number of the new element —90— 12 — 78. 
But the atomic number of the new element — 82. 
-. Increase in atomic number due to emission of f-particles. 
—82—78-4. 
*. Number of B-particles —4. 


Questions 


Long Answer Type : 


1. What is radioactivity ? How was it discovered ? 

2. Discuss two of the properties of a, p and à rays. 

3. Describe Group-displacement law in radioactive elements. 

4. Whatis half-life period ? Prove that the half-life period of a radioactive- 
element is independent of the initial amount. 


5. Give a brief account of Natural Radioactivity. What do you know about 
the characteristic properties of radioactive rays? How are the atomic numbers 
and th» atomic masses of the parent element affected by the emission of a and B 
rays ? (M. U. 1978A) 


6. Distinguish between radioactive change and chemical change. 
7. Compare, alpha (a) and beta (B) particles in respect of their masses and 
charges. What -Changes are produced in atomic nuclei by the emission of 
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these particles ? 


Short Answer Type : 


- Write a short note on the discovery of radioactivity. (P. U. 1972A) 
. What is average life of a radioactive element ? 
. State Group-displacement Law. 
. Define the following terms : 

(i) Nucleon, and (ii) Nuclide. 
. What is transmutation of elements ? 
. What is difference between Natural and Artificial radioactivity ? 

—a p —2p 

What is Telationship between A and C of this equation ? 
8. Define ‘unit of radioactivity’, 


9. From the following nuclear’ reaction 
elements in the periodic table : 


hwWNe 


aw 


» Predict the positions of the two 


186 186 0 
Ta, >Wy +e 
[Ans. Ta belongs to group VA and W to VIA] 


10. Name the first and the last element in each of the radioactive disintegra- 
tion series. 


11. Derive the expression, 7,;,— 265, where /,,, and A:stand for half-life 


period and disintegration constant, 


Objective Questions : 


(A) 1. a-particles are electrically 


(i) positively charged 


Vit) eeu t (ii) negatively Charged 
[2 


(iv) none of these. 


(Inter Council 1983) 
2. Natural radioactivity was discovered by : 


G) Rutherford (ii) Henry Becquerel 
(iii) Madame Curie (iv) Schmidt. 
3. Half-life of a radioactive substance is 
(i) dependent on initial concentration, 

(ii) independent of initial concentration, 


4. The half life period of a radioactive substance is 567 
meriod will change 


(i) when number of radioactive atoms are changed 
(ii) when it is subjected to pressure 
(iii) when it is heated, 
(iv) none of the above will have any effect on the half life period of the 
Substance. (AIIMS TEST 1981) 
5. The end product of (414-2) disintegration series is 
(0) s Ppis (i) Pb» 
Gi) ,,Pps7 Gv) 4,Bi202, 


E 6. Number of o and B particles emitted by ooTh**? in changing to a stable 
isotope of lead ,, P5295 is 


(Inter Council 1983) 
0 years, its half-life 


(i) 4,3 (ii) 5,4 (iii) 3,4 (iv) 6, 4. 
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7. In order for the chain reaction during the fission of uranium to continue, 
the particle that is most necessary is the 

(i) alpha (ii) proton (iii) electron (iv) neutron. 

8. The given nuclear reaction belongs to which type of the following ? 

,H*+,H*—>.He'+on'+ 17:6 MeV. 

(i) Nuclear fission (ii) Nuclear fusion 

(iii) Spallation (iv) None of these. 

9. Nuclear reactions differ from ordinary reactions in all but one of the 
following ways: 

(i) Nuclear reactions occur mech: more rapidly. 

(ii) The energy evolved per gram is much greater for nuclear reactions. 

(iii) New elements are often formed in nuclear reactions. 

(iv) In nuclear reactions reactivity is essentially independent of the state of 

chemical combination. 
10. In the following radioactive disintegration 


Pu —  — s Am?39-- x 
The symbol ‘x’ represents " 
(i) an electron (ii) a proton 
(ii) a neutron (iv) an alpha particle. 
11, Which one of the following is a radioactive substance ? 
(i) Heavy hydrogen (ii) Nascent hydrogen 
(iii) Tritium (iv) Atomic hydrogen. 


32. The half-life period of a radioactive substance depends on 
(i) initial amount of the substance (ii). disintegration constant 
(iii) temperature (iv) none of these. - 
13. Which of the following has the greatest penetrating power ? 
(i) a-rays (ii) B-rays (iii) Gamma rays (iv) none of these. 
14. a-rays are 


(i) H* ions (ii) Het+ ions (iii) He atoms (iv) electrons. 

15. The first artificial transmutation of elements was carried out by 
(i) Madame Curie (ii) Irene Curie 

(iii) Rutherford (iv) Soddy. 


16. Loss of one a-particle followed by two f-particles results in the 
formation of 


(i) isomer (ii) isobar (iii) isotone, (iv) isotope. 
17. Isotopes differ in 

(i) the number of protons (ii) the valency number 
(iii) the chemical activity (iv) the number of neutrons. 


18. The atomic weight of carbon, nitrogen and oxygen are 12, 14 and 16 
respectively. An atom of atomic weight 14 and nuclear charge of +-6 is an 
isotope of pie jd +% 3 

(i) oxygen (ii) nitrogen (iii) carbon (iv) carbon dioxide (v) ammonia. 

19. The particle having negative charge and mass equal to 273 times the 
mass of electron having half-life of 10-5 second is 

(i) negative Pi-meson, (ii) neutral Pi meson, 

(iii) u-meson, (iv) anticharged K-meson. 

20. The phenomenon of emitting radiation which can affect a photographic 
plate is known as 

(i) Phosphorescence (ii) Luminescence 

(iii) Radioactivity, (iv) Photo-electric effect 

21. The product of the half-life period and the disintegration constant of a 
radioactive elementis — - 

(i) 2 i) 1 (iii) 0:693 (iy) 10. 
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22. The reciprocal of the disintegration constant of a radioactive element 
is called 


(i) half-life (ii) average-life — (iii) curie (iv) micro-curie. 
(B) Assign mark ‘T’ against the true and F against the false statements below : 


1. The half-life period of a radioactive element does not depend upon the 
initial amount of the element. 

2. The penetrating power of. y-Tays is greater than those of a and B-rays. 

3. When a non-radioactive substance becomes radioactive under the influence 
of a radioactive substance, the phenomenon is called Artificial Radioactivity, 

4. The ßB-particles are actually the extra-nuclear electrons present in an atom. 

Ans. (A) 1. (i), 2. (i), 3. (ii), 4. (iv), 5. (iii), 6, (iy), 7. (iv), 8. (ii), 9. (iv), 


10. Gi), 11. (iii), 12. (ii), 13. (ii), 14. GD, 15. Gi). 1e (iv), 17. (iv), 18. (iii); 
19. (i), 20. (iii), 21. (ii), 22. i). 


(B1.T, 2. T, 3. T, 4. F. 


Numerical Problems : 


1. One gram of a radioactive element decays by B-emission to 0:125 gin 200 
hours. What is its half life period ? (Ans. 66:53 hours) 
. 2. A piece of wood recovered in an excavation has 30% as much C-14 as 


ordinary wood today. When was the Piece buried? Take the value of half-life 
Period for C-14 as $760 years. (Ans. 10010 years) 


3. Calculate the number of a-particles and B-particles expelled in the uranium 
series in reaching P5-206 from U-238, (Ans. c=8, B=6) 


4. One mg of radioactive iodine contained in. thryoxine is injected into the 
blood ofa patient. How long will it take for radioactivity to fal] to 50%, 25% 


and 10% of the initial value 2 (4 for 17°°=8-05 d 


(Ans. 805 d, 16:10 d and 26:75 d) 


rs to reduce to half its initial 


5. A radioactive element takes two hou 
e disintegration constant for it 


amount, Calculate thi 


000 


CHAPTER 5) 
OXIDATION-REDUCTION 


Oxidation 


Ordinarily, oxidation means the process of direct union of a 
substance with oxygen. 

In a limited way, oxidation is defined as the process which 
increases: the proportion of electronegative atoms or groups ina 
substance or diminishes the proportion of the electropositive atoms 
or groups in a compound. 

C+ 05— COs (oxidation'of C) 
2Na--Cl,—2NaCI (oxidation of Na)  . 
FeCl, + Cl; —2FeCl; (oxidation of FeCI;) 
CuO--H,—Cu4 H;O' (oxidation of H;) 


According to ionic theory, oxidation is defined as the process in 
which positive charge is increased or negative charge is decreased 
on an ion. 

: 2Fe + Cl; —2Fe*t* 4- 2CI- 

In this process, the positive charge on Fe increases from +2 
(on Fett) to --3(on Fe***) Hence, Fett is oxidised to Fe***. 

Electronic concept—Oxidation is a process in which electrons are 
lost by an atom or group of atoms. 

Na —.Na* +e 
Fett > Fettt + é 
Zn +> Zn* 42e 

In these processes Na, Fett and Zn are oxidised to Nat, Fe*** 

and Zn** ions respectively. 


Reduction 


Ordinarily, reduction means the process of direct union of a 
substance with hydrogen or removal of oxygen from a compound. 

In a limited sense, reduction is defined as the process in which | 
the proportion of the electropositive atoms or groups in a substance | 
is increased or the proportion of the electronegative atoms or groups | 
is diminished in a compound. 

CuO +H,>Cu+H,0 (reduction of CuO) 
Ca-- Ha CaH, (reduction of Ca) 
2HgCl,-- SnClz—>Hg,Cl,+SnCl, (reduction of HgCls) 
According to the ionic theory, reduction is the process in which ` 
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the positive charge is decreased or the negative charge is increased 
on an ion, 


SnCl,>SnCl, 
or Snit + AC[-— Sh 4. 2C[- 


In this process, the Positive-charge’ on Sn decreases from +4 
(on Sn*) to +2 (on Sn). Hence, SnCl, is reduced to SnCl,. 


Electronic concept —Reduction is a Process in which electrons are 
gained by an atom or group of atoms. i 


Cl, + 2e-2CI- 
Fettt-E.e- Fot 


In these processes neutral C/, is transformed into an’ anion (CE), 


and ferric ion (Fe***) having +3 charge is converted to férrous ion 
(Fe**) having +2 charge, 


i 


Oxidation-Reduction Reactions 


Several chemical reactions involve transfer of electrons from one 
‘reactant to another, Such reactions are called Oxidation-reduction 
| reactions, 

Oxidation-reduction reactions occur simultaneously. The total 

number of electrons lost upon oxidation is always equal to the total 
number of electrons gained in the accompanying reduction process, 


(i). Combination of Na and C] : 


Na>Nat+e ^ [x2] (oxidation) 
Cla 2e2C[7 ^ (reduction) 
2Na + Clys2Na* CE- 

In this reaction, Sodium atom (Na) is. oxidised to Sodium ion 
(Na*) since it loses one electron. On the contrary, each chlorine 
atom (CI) is reduced to chloride ion (CI-) since each C] atom pains 
one electron. 

(ii) Reduction between Hg** and Sn** ions : 

2HgH*--2e >Hg + (reduction) 
Sn** >Snt4+4 9 (oxidation) 
2Hgt* + Sats Hgt Snit 
Thus, we see that both oxidation and reduction 
reaction together. The oxidising agent is itself reduced, 
reducing agent is itself oxidised. 
fi Oxidising agent—An oxidising agent is a substance which has a 
tendency to gain electrons. i 
Examples : Oxygen, ozone, H05, HNO,, H.SO;, KMn0O,, KsCraO;. 


Reducing agent—A reducing agent is a Substance which has a 
tendency to lose electrons. 
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Examples: Hydrogen, H:S, CO, SOs, C, FeSO, H;C3;0, (oxalic 
acid), SnCl, etc. 


Oxidation-reduction reactions of covalent compounds 


In the formation of covalent compounds there is no loss or gain 
of electrons. Hence, the oxidation-reduction reactions involving 
covalent bond formation cannot be explained onthe basis of electron 
loss or gain. In such cases, the concept of oxidation number is 
provoked. 

.Oxidation number—Oxidation number is an integer which is 
assigned to each atom in a molecule, a complex ion or the free state 
in order to determine the number of electrons lost or gained in a 
chemical change. 

Oxidation number represents the oxidation state of the atom 
in a molecule orion. It should, however, be not confused with the 
formal charges that may exist on the atom. The formal charge is 
based on the real charge distribution of a molecule or ion among 
the constituent atoms. This is done in accordance with a detailed 
knowledge of structure and electronic binding of the molecule. 
Oxidation state is, however, independent of the type of bonding in 
which the atoms is concerned. However, the oxidation number 
does not necessarily describe the electronic state of an atom in 
a molecule. 

Oxidation state is computed directly from the molecular formula 
itself. 

The assignment of oxidation number follows the following rules : 

(i) A positive oxidation number is assigned to the less electro- 
negative clement in a covalent compound, and a negative oxidation 
number is assigned to the more electronegative element. 

In H,O, H atom is assigned a +ve oxidation number, whereas 
O is assigned a negative oxidation number. 

(ii) The oxidation number of a free and uncombined element is 
zero. This represents the fact that a free element has neither lost. 
nor gained electrons. 

Examples : H in Hs, P in Py, O in O», S in S; etc. 

In H;, of the two electrons in the molecule, one is assigned to 
each H-atom. A hydrogen atom with one electron is virtually the 
same as a neutral free H atom. Thus, the O.N. is zero. 

(iii) The oxidation number of hydrogen in its compounds is 
usually +1, except in the case of metallic hydrides, where it is —1. 

(iv) The oxidation number of oxygen in compounds is usually 
— 2, except in peroxides, whereitis — 1. In compounds with fluorine, 
it is positive. 

(v) The algebraic sum of the oxidation numbers of all the atoms. 
in a molecule of the compound is zero. 
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(vi) The algebraic sum of the oxidation numbers of all the atoms}; 
in an ion is equal to the charge of the ion. 


Application of rules 


(i) Oxidation number of C in CH30 : 
Let the O.N. of C be x. 
The sum of the oxidation numbers of two H atoms= +2. Thus, 
GUTES 
CH, O 
n x42—2-0; or x=0. 
Gi) Oxidation number of Fe in Fe0, : 
Let the O.N. of Fe be x. Then, 
3z —8 
Fe; O, 
5 3x—8=0; or x=8/3. 
(iii) Oxidation number of C in C,H, : 
Let the O.N. of C be x. Then, 


g 4x+6=0; or x=-8 
(iv) O.N. of Si in Na$$,0, : 
Let the O.N. of S be x. Then, 


42 42 -12 
NaS, Os 
ES +2+4x-12=0 
or 4x=10; or x=, 


(v) O.N. of S in SO, : 
Let the O.N. of S be x. Then, 


Z —4 
S Os 
ES x—4-0; or Sea 
(vi) O.N. of Mn in KMnO, : 
Let the O.N. of Mn be x. Then, 
+1 7 -8 
KMnO, 
^ +1+-x-8=0; or x=47, 


(vii) O.N. of Cr in K2Cr.0,: 
Let the O.N. of Cr be x. Then, 
42 22 —14 
2 Cre O7 
& +2+2x—14=0 
or 2x= +12; or x=+6. 
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(viii) O.N. of Sin SO, : 
Let the O.N. of S be x. Then, 


z -sy— 
(303) 
So x-82-2; or x=+8—2=+6. 
(ix) O.N. of P in PH; : 
P is more electronegative than H. Hence, it 
a negative O.N. Let it be x. Then, 
z +3 
P H; 
S x+3=0; or x=—3. 
(x) O.N. of Fin FO : 
As Fis more electronegative than O. 


negative O.N. Letit be x. Then, 
22 +2 


would be assigned 


, it would be assigned a 


FO 
AU 2xà250; or x=-1. 
(xi) Oxidation number of S in (a) H4S30, and (b) HaS,08: — 
(a) H3830; : 
Let the O. N. of S in H3530, be x. Then, 
42 22 -12 
Ha Ss Og 
Da +2+2x—12=0 
or 2x=10; or x=+5. 


(b) Let the O. N. of S in HS0; be x. Then, 
+2 2%  —16 
Ha Sz Os 
+2+2x—16=0 
or, 2x=14; or x= +7. 
But the maximum valency of S is only 6 and in n 
of S can exceed the maximum valency. Hence, 
«consider the structure of HaS20s. 


o case the O. N. 
we will have to 


4 o 
| 

H0 soar eld v 
| 
Ó 0 


We see that there is a O—O bond in the structure involving two 
-O atoms. Hence, of the eight O atoms two will have O. N. — 1» 
.and the remaining six will have O. N. —2. 

Now 2(+1)+2(x)+6(—2)+2(- 1)20 

or 2+2x—12—2=0 

or 2x=12; or x=+6. 
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Oxidation and Reduction on the basis of O.N. 


The definitions of oxidation and reduction may now be given: 
as: 


Oxidation : The process which is accompanied with the increase 
in oxidation number is called oxidation. 


Reduction : The process which is accompanied with decrease in 
oxidation number is called reduction. 


o o + -1 
Example: (i) 2Na + Cl; — 2NacCI 


O.N. increases 


O.N.dicreases 


ence, Na is oxidised, Na, 


nd, oxidation number of Cl, 
2 is, ther T€, an oxidising agent, 


—1. Hence, Cl, is reduced. Cl. 


(i) A skeleton equation 
Products js Written 
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(ii) A partial skeleton equation is written for the oxidising 
agent. 

(iii) A partial skeleton equation is written for the reducing agent. 

(iv) Each partial equation is now balanced as to the number of 
atoms of each element. 

(v) Each partial equation is then balanced as'tó the number of 
charges by adding an appropriate number of electrons either to the 
left or to the right side of the equation. 

(vi) Each partial equation is multiplied by a süitable number 

such that the total number of electrons lost by. the reducing agent 
is equal to the total number of electrons gained by the oxidising 
agent. 
(vii) Finally, the two partial equations are added together to get 
the over-all balanced © oxidation-reduction equation, «any “term 
common to both sides being cancelled; : r 

Examples: 1. Oxidation of Copper by Nitric acid : 

Cu--H* - NO4:—Cu**--NO +H,O 
Step I. Oxidation : Cu Cutt ^ 
Reduction: NO;->NO 

Step If. Oxidation half equation is already, balanced with res- 
‘pect to Cu atom. Reduction half reaction is balanced by adding 4Ht 
to the left and’ 2H,0 to the right. ' be 

Oxidation : Cu-Cu** 
Reduction: NO;-4H*-NO-42H;0 i 

Step III. Charges on both sides are balanced by adding electrons. 

Oxidation : Cu-Cu**-F2e ! 
Reduction : NO, £4H* X 3e NO 4-2H30 : 

Step IV. Oxidation half reaction is multiplied by 3 and reduction 
half reaction by 2 to cancel the electrons whet’ both the half reac- 
tions are added. ‘ 

Oxidation : m [Cu Cu** -26]x 3 
Reduction: [NO ,--4H * 3e NO. t2H;,0]x2 
3Cu42NO; -8H*-x3Cu** + 2NO-4-4H,0 
3Cu** 6NOs: 3Cu(N Os eee 
z 3Cu+8NO, +8H*>3Cu(NO3}2 + 2NO +4H,O 
or 3Cu+8HNO, — —3CWNO3)s* 2NO- 4H;O . 


2. Oxidation of Ci- by M1O; : 


KMnO, + KCl X H;8045- MaSO, 4 Ky$04 + H0 Péh 
Step I. Oxidation: | Cl-Cls i 
Reduction : Ma0 g > Matt 
Step II. Both oxidatiomand . reduction equations are balanced 
with respect.to atoms. \ . i 
Oxidation : 2Ch+Cly jx 
Reduction : MnO, + 8H*Mmn'*-- 4H0 
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Step HI. Charges are balanced. 


Oxidation : 
Reduction : 


Step IV. Oxidation half 
half equation by 2 to get a 


2CI- +Cl,+2e 
MnO , -8H*--5e-- Mn** +4H,0 
equation is multiplied by 5 and reduction 
balanced number of electrons. 


Oxidation : = 
‘Reduction ; [MnO, 18H t 5e Mn 4H, 0} x 2 

Step V. Both the half equations are now added up. T 

2Mn0O, + 10CI- 4-16 


Since Mn0,- is added as KMnO, hence 2MnO;j- 
2K* ions to the left. i 


as such on the right side also. 
CI- ion was used as KC, 


- Hence 10CI- ions will introduce 10K+ 


ions to the left and they appear unreacted on the.right side also, 


Thus, 12K+ ions are added 
ion is used as H,SO,. 
the equation. 

T*16H*--12K*--880,-- 


80;- - to each side of 
^ 2Mn0;,-10CI- 


or CR +20) +(10K*+ 10C1-) (1 
(2 
or AKMnO.+10KC1+8H,S0}52MnS0, 6K SO 


—2Mnt**3 8H30 
T5Ch-12K*4- 8S0,- - 
6H*--880,-—)-s 
T2801 3-1 2K*--650,- ~+8H2,0+-5Cl, 


+8H20 4 SCI,, 
3. Oxidation of HCI by KMnO, : j 
KsCtsOr+ HCl->KCI+.CrOly-t HO Heh 
Step I. Oxidation; C/- ext. ! 
Reduction : Cr40;-— Cri | 
Step I1, Oxidation : 2C- GIS : | 
Reduction : SHOT EUH 2CPS Cogo | 
Step HI. Oxidation : 2Cl-+Cl,+-2¢ 
Reduction: Bent, dl Etse 2 Cie og 
Step. Iv, Oxidation : RCE CI, 26] 3 
Reduction : [Cr,0;- DM Ee 20r THOT | 
Step V. C10 MM FOE aC THO ad] 


or, QK*--Cr,0,- 


4. Oxidation of H0; 


Step I. Oxidation : 
Reduction : 
Step II. Oxidation : 
Reduction : 
Step TII. Oxidation : 


Reduction : Mi 


OH-MH*--6CI- 2k 20H Y 
FECE>QK L201) 4 (oC i 6CI-) 


or, ASChO v MHCI- 2KCI 2CrCh TRO +3C1 


7H,0-13CI, 
t7H,0 4 3CI, 
2 


by KMnO, in presence of H,SQ, : 


KMnO, + H,SO, HH. MnSO, 4 K,SO, +0.+H,0 


0 .->0, 

MnO, -> Mn 

0,0, 42 

MnO. 8H Mn 4,0 s 
H080, 42H+4-2e 

nO, -8H*--5e-- Mn+4.4 11,0 
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Step 1V. Oxidation: [H,0,>0,+2H*+2e]x5 
Reduction : [MnO,+8H*+-Se>Mn*+ 14,0] x 2 
Step V. 2MnO,+16H+--5H20.>2Mn*+ -- 8H30 +50,-+10H* 
or 2Mn0,---6H*--5H.0,52Mn**--8H,0--50; 
or QK*--2Mn0)-4-(6H*--3S0 ,—)--5H,0 ,- 
(2Mn** +2507 —)--(2K*--SO.- -)--8H30 +50, 
or 2KMnO,--3H,S0,--5H.0,—2MnSO,--K3S0,4- 8H30-- 505 


B. Oxidation Number Method : 


__ In order to balance an oxidation-reduction equation by Oxida- 
tion number method the following steps are usually adopted : 
| ^ (i) A skeleton equation is first written including all the reactants 
and the products. 
Gi) Oxidation number for all the elements in each formula is 
indicated; 
(iii) The elements whose oxidation numbers change in the reac- 
tion are identified. 
(iv) Electron gains or losses are shown for those elements whose 
oxidation numbers change. 
(v) The number of electrons gained or lost are equated. 
(vi) The residual part of the equation is finally balanced by 
inspection and applying our intuition. 
Examples: 1. Oxidation of H.S by HNO : 
HNO, 4 H,S—NO--S-- H4O 
In this reaction, the oxidation number of N decreases from +5 
(in NOy ion) to +2 (in NO), and the oxidation number of S 
increases from — 2 (in H,S) to 0 (in S). 
(i) N*9--3e— N*3 
(ii) S-2-59--2e 
The electrons in these equations are now balanced. 
[N*5-- 3e N*?] x2 
[S3 >S°--2e] x3 
Hence, the co-efficient of HNO, and NO is 2, whereas that of 
HS and S is 3. 
eb 2HNO;--3H,S—2NO--3S -- HO 
The 8 H atoms on the left are capable of forming 4H,0. 
g 2HNO;--3H,S—2NO--3S--AH,O0. 
2. Reduction of Fe++ by Cr,O;— in acid medium : 
Cr,07-~-+ H*-- Fett Cr H-- Fe***4-H40 
Cr307;——2Cr** 
Fet+—>Fet+ 
In this reaction, the O. N. of Cr decreases from +6 (in CrsO7- 5) 
to +3 (in Cr+), and the O. N. of Fe increases from +2 (in Fett) 
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to +3 (in Fet*?). 
Change in O. N. of Cr-2x6—2x326 
Change in O. N. of Fe=3—2=] 
Cr,07-~+-6e>2CrH+ 
Fet+->Fet+++ ¢ 


Acid provides H* ions to the solution which convert all the O 
atoms to H,0. 


1.05 Cr30;- CEIMH*- 66 2Cr*--7H,0 í 
[Fet+ —Fettt--e] x6 
Adding : CrO7 — 14H* + 6Fe* 2 Cp GEEHRTE TH,O 
3. Oxidation of HCI by MnO;,-: 
MnO; +HCl-> MnCl,4- Cl,--H,O | 
In this reaction, O. N. of Mn decreases from +4 (in MnO,-) | 
to +2 (in MnCl), and the O. N. of Cl increases from —1 (in HCl) 
to 0 (in Ch). | 
Mn+4-> Mn+? 
CI C|o 
Change in O. N, of Mn=7-2=5 
Change in O. N. of Cl=1 
Mn + 5e Mn+? 
C31 CIo--e 
Balancing of electrons now, | 
[Mn*? -+ 5e-> Mn+ x2 
[CCI +e] x10 


c nang for co-efficient, for MnO,- and MnCl, is that for HCI and 
is 10. 


pe 


ot 2MnO,- + I0HCI--2MzCI + 8H.0 4- 5CI. 

or QK*-E2Mn0,7) +16 HCl+2Mncl, + 2KCl-- 8H,O-4- 5Cls 

or 2KMn0,+16HCI>2KC| 4. 2MnCl, 4 8H,O + £ Cle. 

4. Oxidation of HCI with K,Cr,O, in acidic medium : 
KCr0;--HCI- KC]. CrCl, + H30 4-Cl, 


Oxidation ; 2C. 2 Cio 

or 2Cl7+2C)04-2¢ 

Reduction : 2Cr* 20/43 

or à 2Cr** 4 6e. 2038 

Multiplying : [2C1-1-2 C]0 4. 2e]x3 
[2Crt64 6e>2Cr+3] x1 

Adding : 2Cr*6 4 6ClA-32C-34.6C)0 


KCr,0; + 6HCI-*2CrCIs-I-3GT; (Incomplete) 


The HCI shown in this equation acts as a reducing agent. Now, 


We have to introduce KCl, H,O and HCl (which acts as an acid) in 
this equation. 
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We see that 7 atoms of Oxygen in KsCr;O; form 7 H,O. For 
this we need 14 H atoms which would be provided by 14 HCl. As 
six of the Cl- ions are oxidised to C/,, the remaining (14— 6— 8) 
should appear on the right as KC/ or CrCl, Again, 1 K,Cr;O;. 
gives 2 KCl. Hence, 

K3Cr30;-- 14HCI —2CrCl, + 2KCI 4-1 H3O + Ch. 

Comparison between the Ion-electron Method and the Oxidation: 
number Method : 

The ion-electron method appears to be more appropriate on the- 


following grounds: — j 
(i) It draws a distinction between the components which react: 


and that which do not react. 
(ii) The half reactions of the partial equations can actually be: 


made to take place independently. 
Disproportionation reactions : 


There are some substances which behave as oxidising as well as: 
reducing agent under the same set of conditions, i.e: the same subs- 
tance undergoes oxidation and reduction both, Such a reaction is. 
called a disproportionation reaction. 


+ +5 

Examples: (i) 3KCIO —2KCl31--KClOs 
Potassium hypochlorite decomposes to give Potassium chloride 
and Potassium chlorate. The O. N. of C? decreases from +1 (im 
KCIO) to —1 (in KCI) and increases to +5 (in KCIO;). KCIO is 
thus reduced in the change, KC/O— KCl, but is oxidised in its change 
KCIO —KCIO;. Thus, KCIO acts both as an oxidant and a reductant.. 


SUM d 
PAA Cua A Cutt 


(i) pen. T 
Oxidation 


Cut ion thus acts as an oxidant and a reductant at the same 
time. 


o -1 +1 
Cl; + H20 —+HC1 + HCIO 
(iii) Reduction 


Oxidation 


Cl; is thus oxidised as well as reduced in this reaction. 
Questions 


Long Answer Type: 
1. Define the terms Oxidation and Reduction in the light of the clectronic 
concept. 
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2. Tell why a reducing agent itself becomes oxidised when it causes another 
substance to undergo reduction. 
3, Balance the following equations by ion-electron method : 
i) Fet++ Cr,0,- —-H* — Feitt Cr++++-H,0 
8 Clo} CrO,--- OH- -> CIO CrO,- --+H,0 
(ii) HI--H,SO,-H,0+H,S-+1, 
(v) Zn--HNOsZn(NO)) 2+ N2+H,0 
4. Balance the following equations by oxidation number method : 
G) K,.MnO,-+-H,0—-Mn0O,4-KMn0O,-+-KOH 
(i) CrO; —--H+-+-Fet+ — Cr+++-+-Fet++_H,0 
(iii) P--OH- — PH44-H,PO,- 
5. Explain Oxidation-reduction reactions. Prove that both these reactions 
occur simultaneously. (Mithila U. 1974 A) 
6. Indicate, with reasons, whether the underlined substances are oxidised Or 


reduced in each of the following reactions. 
(i) Zn (S)--2H*(aq)»Zn*(aq)-- H(8) 
(ii) Cl, (aq)4-$05- -(aq)--H.O(1)—2CI-(aq)4- SO ,- -(aq)--2H**(aq) 
(iii) 27-(aq)--Cl,(aq)-»2C1-(aq) - I«(s). (I. S. C. Delhi 1977) 


7. In each of the following unbalanced equations, identify (a) the oxidation- 
reduction reactions, (b) the oxidising agent, (c) the reducing agent, (d) the 
substance oxidised, (e) the substance reduced : 

(i) Fe+-Cl.—>-FeCl, 

(ii) K,Cr.0,--HCl--KCl-+ CrCl,+-H,0--Cl, 

(iii) NaCl-- HnO,4+-H,SO,>-NaHSO,+-MnSO,+-H,0-+-Cl, 
(iv) AI-- CuSO —AL(SO,).-- Cu. 

8. (a) Give the oxidation number of (i) S in H,SO,, (ii) Sin Na,S,0, (iii) Mn 
in KMnO» (iv) Cr in K,Cr,O;, (v) Cin CHCI, and (vi) Ve NaNO, e 

em eb rub MM (Bombay F. Yr. 1972) 
iH at is the oxidation number of (i) S in Na,$,0,, (ii) N in NO;, (iii) Mn 
in EMO (iv) P in H,P,0, ? 29200 ( es. Pre oat DAS 

10. What is the oxidation number of the halogens in each of the following ? 

(i) HIO,, (ii) CIO;-, (iii) Fy, (iv) HBrO,. (Kurukshetra Pre-Univ. 1972) 


Short Answer Type : 


1. In each of the following reactions, indicate (a) th idati of 
each element, (b) the oxidising agent, (c) the O fe origano Bun the 
change in oxidation number that occurs for each oxidation-reduction pair : 

(i) CuSO,-- Fe-Cu-|-FeSO, 
Gi) KOH--Cl,—KCI--KCIO,4-H,O 

Gii) H,S--HNO4—-S4-.NO,4- H.O 
. 2. Show by a suitable example that oxidation and reduction reactions occur 

‘simultaneously in any oxidation-reduction reaction, 
3. Write a note on oxidation and reduction. (M. U. 1977 A) 
4. What is the modern concept-of oxidation and reduction ? 
1 (I. S. C. Delhi 1977) 
5. What is oxidation number ? (B. U. 1978) 


6. Indicate, showing reasons, which substance is oxidant and which is reduc- 
tant in the following equation ? 


Cu?*--2T3—-CulI--AM, (I. S. C. Delhi 1978) 


7I. Show, giving reasons, which element in t i ation is oxidised : 
Mg 3H Mgt, nt in the following aT T peli 1980) 
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8. Explain which of the following reactions is oxidation and which one is 
reduction : 
G) Cutt4+2e>Cu 
(i) $$— — S+2e 
(ii) S+-2e>S-— 
(v) Zn—Zm*-2e. 
9. Find out the oxidation number of all the atoms in the following : 
(i) SO,2-, (ii) BaO,, (iii) LiH , (iv) C404, (Y) NaH. (I. I. T. 1978) 
10. Find out the oxidised substance and the reduced substance ia the follow- 
ing reactions : 
(i) 2HCI-- CaCO ,—-CaCl, + CO, +H,O 
(ii) 2KOH 4-Br,—KBr4-KBrO4-H,O 


(iii) Mg-J-2HCI—-MgCl;-- Hs. (i. I. T. 1977) 
11. Calculate the O.N. of Nitrogen in the following : 
NH;, N40 and N,O;. (B. U. 1978) 


12. Give the oxidation number of the underlined element in the following 
formulas : 

(i) S75, Gi) Sa (iii) PO*-,, (iv) KMnO,, (v) (NH d+, (vi) (O H^, (vii) Ca(CrO, 
(viii) KCIO,, (ix) (FeCN,)**. 

13. Determine the O.N. of atoms which are underlined in the following 
compounds : 


MnO,, P Hs, and F,O (Bihar Engg. Test 1979) 
14. What do you mean by disproportionation reaction ? Explain with 
(B. U. 1975) 


example. 
15. Which of the following equations represent oxidation-reduction reaction? 
(a) Zn4-S—ZnS 
(b) H*--OH-—H;O 
(c) MnO,+2CIl-=+-4H+->Mnt++Cl,+2H,0 
(d) CaO-- H,0— Cat 4-20H- 


Objective Questions : 
Select the correct answer : 


(A) 1. Oxidation is defined as 
(i) gain of protons (ii) decrease in +ve valency (iii) loss of electrons 
(iv) in crease in — ve valency. 
2. Reduction is defined as 
(i) increase in--ve Valency (ii) gain of electrons (iii) loss of protons 
decrease in — Ve valency. 
3. An oxidising agent is a substance which can 
(i) accept electrons (ii) donate electrons (iii) accept protons (iv) donate 
(iv) protons. 
4. Which one of the following can behave as an oxidising agent as wellas a 
reducing agent ? 
(i) KMnO, (ii) K,Cr;O; (iii) HS (iv) H.O». 
5. Which one of the following hydrides is the most powerful reducing agent ? 
(i) LiH (ii) CH, (iii) NH; (iv) HF. 
6. The oxidation number of nitrogen in micro-cosmic salt, [Na(NH,) HPO] is 
(i) 2 (ii) 3. (i) 5 Gv)7. 
7. When SnCl, changes to SnCl,, it is said to be reduced, because : 
(i) Sn is electropositive 
(ii) its positive valency decreases 
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(iii) it loses electrons. 
(iv) itis electronegative. 
8. A metalion M+? after losing two electrons in a reaction has an oxidation 
number of i 
G) +2 (i) +4 (ii) —2 (iv) 0. 
9. A reducing agent is a substance which can (i) accept electrons (ii) donate 
electrons (iii) accept protons (iv) donate protons, 
10. The O.S. of C in CH,F, is 
() +4 (ii) —4 (iii) 0 (iv) —1 (v) +3. 
11. In which of the following the O.S. of Nis —1 ? 
()NH, (i) NH,NH. (ii) NH,OH (iy) NO. 
12. The O.S, of Ag in [A4e(NH;),]CI is 
G) +1 Qi) +2 Gii) +3 (iv) +4. 
13. The O.S. of C n Ca(HCO,), is (i) +1, (ii) +2, (iii) 4-3, (iv) +4. 
14. In which of the following the 


O.S. of Clis +77 [ 
(i) CIO- (ii) CIO, (iii) CIO, (iv) CIO, 


15. The oxidation state of underlined element in K,[Fe(CN), is, | 
m | 
(i) +2 GD +3 (ill) +4 (iv) +5. 
16. Addition of iron scraps to CuSO, solution precipitates copper due to | 
(i) reduction of Cut+, (ii) reduction of SO,- —, ’ | 
(iii) reduction of Fe, (iv) hydrolysis of CuSO,. 
17. Indicate which of the following reactions is an oxidation one ; 
(i) Mn Mmtt--2e 
(u) NaOH--HCl— NaCl-4- H,O. 
(iii) Fet+++-e—Fet+ 
(iv) Sir#44-20e—>Sirt2, 
18. The most common oxidation state of an element is —2, Th 
electrons present in the outermost shell of its atom is Penn so o 
()4 (ii) 2 (iii) 6 (iv) 8. 
19. The equivalent weight of KMnO, in acid medium is 
(0M,  d)M2 (Qi) M/3, (iv) M/4, (y) M/s. 
20, The equivalent weight of K,Cr,0, in acid medium is 
(i) M (ii) M/3 (iii) M/5 (iv) M/6. 
21. When NH,OH is added to CuSO, solution d i 
of [Cu(NH,),]SO, is obtained. In this reaction copper ion po polouredysolu don | 
(i) Oxidised ^ 
(ii) reduced 
(iii) both oxidised and reduced 
(iv) none of the above. 
22. In the reaction, 2Cut—>Cut Cutt, Cut ion is 
(i) oxidised. 
(ii) reduced 
(i) both oxidised and reduced 
(iv) none of the above 


23. In the reaction, 2H, -SO,—2H,0-L35, the substance that is oxidised is 
@ Hs Gi) So, 
(iii) H.S and SO, both, (iv) none of these. . 

24. The oxidation state of Oxygen in H,O, is 
Gp =2 ii) —1 Gii) 0 Gv) +1. 

25. In tl 


he reaction, 2C4SO,--4KT. 
of Ca is uSO;--4K. Cus ++K, 


SO, the equivalent weight 
(0) 6*5 (i) 318 (ii) 6:35 


Gv) 1370 (y) 137. 
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26. Zinc reacts with dil. H,SO, according to the following equation : 
Zn-- H,SO,—ZnSO,4-H, 
In this reaction, Zinc is said to be 
(i) oxidised 
(ii) reduced 
(üi) neither oxidised nor reduced 
(iv) both oxidised and reduced. 
27. In the reaction, PbO,--4HCI->PbC/,4+-H,0, 
(i) Pb is oxidised 
(ii) Pb is reduced 
(iii) Pbis neutralised 
(iv) no change occurs. 
28. In the reaction, Na,SO,+H,0.>Na,SO,+H,O 
(i) hydrogen peroxide acts as a reducing agent 
(ii) sodium sulphite oxidises hydrogen peroxide to water 
(iii) sodium sulphite is oxidised. 
29, A reducing agent is a substance that 
(i) may give hydrogen to another substance 
(il) may increase the proportion of electronegative constitueats of a sub- 
stance, 
(ii) may transfer an electron to another substance or group of substances, 
30. The most common oxidation state of oxygen in compounds is —2, This 
is best explained as due to 
(i) 3 electrons in its outermost orbit 
(ii) 4 electrons in its outermost orbit 
(iii) 2 electrons in its outermost orbit 
(iv) 6 electrons in its outermost orbit, ; 
-31. Which one of the following statements is true of aluminium in the ther- 
mite reaction ? 
(i) It gains electrons and is oxidised, 
(ii) It gains electrons and is reduced, 
(iii) It loses electrons and is oxidised. 
(iv). It loses electrons and is reduced. 
B In which one of the following compoun is of chlorine is +1 oxidation 
state 
(a) HCI (b HCIO ^ (c HCIO, (d) CAO. 
33. Oxidation state of chlorine in potassium perchlorate is 
(a) +1 (b =1 () +7 (d +5. 
(B)- Fill in the blanks : 
1. Oxidatioa state of chlorine in Ch is............ 
2. In oxidation the oxidation number of the substance. am 
3. Electroas are. in oxidation whereas they are..... in reduction, 
“Ans. (A) 1. (iü), 2. (i), 3. (i), 4. (iv), 5. (i), 6. (i), 7. (ii ji 
9. (ii), 10. (i), IL. (iii), 12. (i), 13. (iy), 14. (iv), 15. (i), 16) a we 
18. (iD, 19. (v), 29. (iv), 21. (iv), 22. (iii), 23. (i), 24. (ii), 25. (i), 26. (i), 
27. (ii), 23. ii), 29. Gi), 30. (iv), 31. (iii), 32. (b), 33. (c), UT 
(B) 1.0, 2. increases, 3. lost gained. 
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CHAPTER 6 


VALENCY, ATOMIC WEIGHT AND 
EQUIVALENT WEIGHT 


Valency—It is seen that atoms 
one or more atoms of hydrogen. 
ability to do so, This ability is 
valency. 


The valency of an element is its capacity for combining with other 
elements and is measured b 


atoms which combine with 


of different elements combine witb 
This is because they possess an 
called their combining capacity or 


9r are displaced by one atom of the 


Examples : (i) Consider the following compounds : 
HCI, H,0, NH,, CH, 

According to the definition of valency, the valencies of C7, O,N 
and C in the above compounds are 1, 2, 3 and 4 respectively. 

(ii) Zn4 H380,—ZnSO,4- Hs 

In this reaction, two atoms of H are dis 
one atom of Zn. Hence, the valency of Zinc is 2. 

(iii) Now, take the following compounds : 

NaCl, BaCl, BCl, SnCl, 


The valencies of Na, Ba, B and Sn will be 1, 2, 3 and 4 
respectively. 


Different elements possess different capacities for combining with 
hydrogen. For example, oxyg 


i power twice that of chlorine. The 
valency of Oxygen is thus 2. 


Classification of Elements according to their Valencies : 


Monovalent| Divalent 
cat EE, 


Trivalent Tetravalent 


Pentavalent| Hexavalent 


H oO B (e} N S 
79! Ca AI Si P 

CI Sr Au(ic) Sn(ic) 

Br Ba Bi 

I Zn Fe(ic) 

K Mg 


Na 
Hg(ous) Hg(ic) 
Cu(ous) peyote) 
Ag 


y the number of Hydrogen or Chlorine: 


Placed from H,SO, by: 
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Classification of Radicals according to their valency : 


Monovalent : NH,, OH, NOx, NOg- 

Divalent > SO-, S02, COS 

Trivalent z: PO$-, POS, BO, [Fe(CN)s] 
(ferricyanide) 


Tetravalent  : [Fe(CN)g]t- 
(ferrocyanide) 


Definition of Valency from Electronic Configuration : 


The electrons in the outermost shell of the atom of an element 
are known as valence electrons, for they determine the valency of the 
clement. 


Example : Na(11) 15225?2p93s! 
V. E.—1 
Valency of Na=1. 


Variable valency—Some clements exhibit more than one valency. 
For example, copper forms two types of chlorides represented by 
the formula Cu,Cl, and CuCI,. Similarly, the oxides of copper are 
represented as Cu;O and CuO. From these it is seen that copper has 
two valencies 1 and 2. Likewise, iron also has two valencies, 2 and 
3. Besides, a large number of other elements show variable valency. 


Equivalent Weight 


The equivalent weight of an element is that weight of it which can 
combine with or displace from a compound 1 part by weight of 
Hydrogen or 8 parts by weight of Oxygen or 355 parts by weight of 
Chlorine. 

Thus, in HCI we have ] 

1 part by weight of Hydrogen combines with 35:5 parts by weight 
of Chlorine giving 36:5 parts by weight of HCI. 

-. Equivalent weight of chlorine — 35:5. 

In methane (CH,), we have 

4 parts by wt. of Hydrogen combine with 12 parts by wt. of C, 
hence, | part by wt. of H combines with +*=3 parts by wt. of C. 
Hence, Equivalent weight of Carbon —3. 

The equivalent weight is the ratio of the weight of the element to 
the weight of hydrogen combined with or replaced by that weight of 
the element. Hence, it is a pure number. 

Variable Equivalent weights—When an element ci i 7 
weight of the clement remains fixed. But, in case, the element 
forms more than one compound, the equivalent weight chan 
For example, Cu combines with O forming two oxides, Ci o pes. 
CuO. In Cu,O, 16 parts by wt, of oxygen is combined with 2» 635 


INTR. CH.-B 
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weight of copper. Hence, for 8 parts by wt. of oxygen, the 

NN XQ A be 63:5 parts by wt. The equivalent 
weight of copper is, thus, 63:5. : 

In CuO, 16 parts by wt. of oxygen is combined with 63:5 parts 

by weight of copper. Hence, for 8 parts by wt. of oxygen, wt. of 


copper required = S55 =31'75 paris by wt. The equivalent weight 


of copper is, then, 31:75. 

Gram-equivalent—The equivalent weight when expressed in eram 
is called Gm-equiyalent. For example, equivalent weight of 
Magnesium is 12. Hence, 12 gof Mg stands for | gm-equivalent 
of Mg. ; 

TM —. Wt. in Gram 

Thus, Gm-Equivalent — EQUI Weight" 


Determination of Equivalent Weights 


(A) Of Non-metals 


1. By direct union with Hydrogen. 
By oxide formation. 
By combination with chlorine. 


Wt 


(B) Of Metals 


- Hydrogen displacement Method. 

. By Oxide formation. 
By combination with Chlorine. 
Replacement of one metal by another. 
Electrolytic Method. 

Acid-base Titration Method. 


Sta Él 


Equivalent weight of Non-Metals 


c ing pure and dry cupric oxide (CuO) 
is taken, One end of this tube is Hs generator. The 
d U-tube containing fused CaCls, 
ough the apparatus, When all air 

2, the bulb js heated. 
CuO combines with H, forming Cu, which is retained jn the bulb, 
and 77,0 is absorbed in the U-tube. 
When the reaction is over, the apparatus is cooled continuing 


the passage of H,. U-tube and the bulb tube are now detached and 
| weighed Separately, i { 


VALENCY, ATOMIC WEIGHT AND EQUIVALENT WEIGHT 115 


Results : Let the initial weight of the bulb=w, g 
Final weight of the bulb=w, g. 
..-. Wet. of Oxygen (Qv, — w2) g. 
Initial wt. of the U-tube=w, g 
Final wt. of the U-tube=w, g 


<. wt. of water —(w,—wg)g 
.. wt. of Hydrogen =(Wi-Ws)— (1 — we) g. 
-. Equivalent wt. of Oxygen=— (12 Ws) 


Wa—Ws)— Qvi =W) 
Equivalent weight of Metals 


1. Hydrogen displacement Method : 


Theory : Some metals dissolve in dilute acids and liberate Hydro- 
gengas. The volume of H, liberated is measured. 


Zn4-HaS04-—ZnSO,-- Hs 


„From the known weight of metal and the weight of Hydrogen 
being known, equivalent weight of the metal is calculated, 


Procedure : A smali piece of pure Zinc (about 0:08 g) is weighed 
out in a watch glass and 
placed at the bottom of a 
beaker of water. The metal is 
covered with a conical funnel 
in such a way that the stem 
of the funnel remains comple- 
tely dipped in water. A gra- 
duated tube is now filled with 
water and-inverted over the 
stem of the funnel so that 
the stem is well inside the 
tube (see the given fig.). 


Now, moderately 'concen- 
trated E,SO, is added to the 
water in beaker. A few drops 
of CuSO, solution is also 
added. As pure Zn metal 
reacts very slowly in the begin- 
ning. the addition of CuSO, 
solution hastens the reaction. 
H, gas is evolved and collects 
in the graduated tube by the 
downward displacement of water. 


After Zinc has completely dissolved, the mouth of the 
"tube is carefully closed with the thumb inside water. It is bes 
out as such and'plunged into a bell jar:full of water. The surface 


116 INTRODUCTORY CHEMISTRY 


of water is brought to the same level inside and outside the tube by 
holding the tube with a piece of paper as shown in fig. Page 115. 


The volume of Hydrogen is read. Room temperature and atmos- 
pheric pressure are also noted. 


Results : Let the wt. of watch glass be w. g 
wt. of watch glass+Zinc=w, g 

<. Wt. of Zinc=(w2—w,) g. 

Volume of H, evolved — V ml 

Room temperature — 1?C — (273 +t) K 

Atmospheric pressure = P mm 

Aqueous tension at tC=f mm. 

-. Pressure due to H,=(P—f) mm 

Let V ml of H, occupy V; ml at N.T.P. 


(P-f)kY |. 760xV, 
Q2 273 
— 273 x(P—f)xV 
P Vi 60x 273-6 
& Wt. of He at N.T.P. (000009 <x) g. 


=x ml (say). 


É no _(wWa— w) 
Equivalent wt. of Zinc= 0-00009 sx" 
Precautions : (i) While read 
should not be touched with ope: 
will expand the gas. 


ing the volume, the graduated tube 
n hand. The warmth of the hand 


(ii) The weight of metallic zinc must be such 
hydrogen whose volume exceeds the capacity 
tube. 


that may notevolve 
of the graduated 


Equivalent weight of Magnesium : The 
may also be determined by Hydrogen d 
acid used in this case is dilute HSO, 
added. 


Equivalent weight of Aluminium 
equivalent weight of aluminium dilute 
2 4* 


equivalent weight of Mg 
isplacement method, The 
But CuSO, solution is not 


: In the determination of the 
HCI is used in place of (dil. 


2. The Oxide Formation Method : 


Equivalent weight of Copper : A porcelain crucible with its lid is 
thoroughly washed and dried to constant weight. A piece of pure 
copper is weighed in it, Conc HNO, is now added to it dropwise 
till copper dissolves. The crucible is kept covered with the lid during 
the reaction. The solution is evaporated on a water bath. Care is 
taken that no copper is lost by spurting. The residue left behind is 
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strongly heated... Cu(NOQ;). is thus completely converted into black 
CuO. 
2Cu(NO4);—2CuO + 2N Oz +302 
The crucible is now cooled in a desiccator and weighed. The 
process of heating, cooling inthe desiccator and weighing is con- 
tinued till the final weight becomes constant. 
Calculation ? Wt. of crucible+lid=1, g 
wt. of crucible with lid 4- copper — ws g. 
-. wt. of copper =(wa— W1) g. 
Let the final constant weight be w; g. 
.. Wt. of oxygen - w —(ws—w) 8. 
LOW) xg. 
MWs— (Wa — W1) 
N. B.—The same method is adopted for the equivalent weight 
of Mg, Sn, Pb etc. 


Equivalent weight of copper= 


3, By Combination with Chlorine : 


Equivalent weight of Silver—A piece ofclean and pure silver is 
weighed in a porcelain crucible with itslid. It is then dissolved in 
dilute HNO, in such a way that the solution is only slightly acidic. 
The solution is boiled. Pure HClis then added to it dropwise till 
precipitation of AgCl is complete. The precipitate is allowed to 
settle for some times, It is then filtered and washed first with water 
containing a little HNO, and finally with water only. The precipitate 
is dried at 100°C in an air oven and then cooled. It is then weighed 
ina weighing tube. The process of heating, ‘cooling and weighing 
is continued till the final weight is constant. 

Results : Let the wt. of crucible+lid be w, g. 

Wt. of crucible with lid+Ag=w, g. 

e Wt. of Ag —(ws—wi) g 
Wt. of AgCl=ws g 
. Wt. of chlorine =w —(Wwa— w1) g 


Eq. wt. of silver= pee Ws 53535, 
W3—(W2—W3) 


4, By replacement of one metal by another : 


Theory : A more electropositive metal displaces a less electro- 
positive metal from a solution of a soluble salt of the latter. For 
example, when iron or zinc is immersed ina solution of copper 
sulphate, copper is precipitated out of the solution. 

Fe-- CuSQ,— FeSO, t Cu Y 
Zn4 CuSO,—ZnSO,-4 Cn 4 


The weight of the metal which displaces and the weight of the 
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metal which is displaced are found to be in the ratio of their equi- 
valent weights. 


weight of the metal 4 ,..Equivalent weight of 4 
weight of the metal B Equivalent weight of B ` 


So, determining the weights of 4 and B and knowing equivolent 


weight of one of them, the equivalent weight of the other.can be 
calculated. 


5. Electrolytic method : 


trolysis, According to this law, 
ity of electricity is passed through different 
nces liberated are in the ratio of their chemi- 
cal equivalents, 


If a current is passed through solutions of salts of metals 4 and 
B, connected in Series, then i 1 


Wt. of 4 liberated _ Equivalent wt. of A 
Wt. of B liberated Equivalent wt. of BS 


» If the equivalent weight of one of them is known, the equivalent 
Weight of the other can be calculated. 


v 


i» Further, Electrochemical equivalent — Chemical Equiv, 
96500 
Or Equiv. wt. —E.C.E, X96500. 
INA E.C.E, = Wt. of substance liberated RM 
current (amp.) x time (sec) ext 


Ww 
Eq. wt. =- 9 
q. W aris 6500. 


Solved Problems 


1. 0:164 g ofa metal w 
Hydrogen at N.T.P. Calcul 
Solution : Wt. of 


hen dissolved in HCI evolves 31 ml of 
ate the equivalent weight of the metal. , 
31 ml of Hydrogen at N.T.P.— 31 x0:00009 g 
7:0:00279 g. 


Equivalent wt, of the metal. Wt of the metal, 
wt. of Hy 


_ 0:164 


= 2 = 58-78, 
0:00279 XE 
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2. 3°36 g of Zinc evolves 1210 ml of Hydrogen from dilute 
sulphuric acid at 10°7°C and 7478 mm pressure. Determine the 
equivalent weight of the metal, if the aqucous tension at 10°7°C is 
9:8 mm. 

Solution : Wt. of Zinc= 3:36 g. 

Volume of Hydrogen — 1210 ml. 
Temperature 10°7°C= (273-107) 228377 K, 
Pressure —- 7478 mm. 
Aqueous tension at 10°7°C=9°S mm. 
Pressure of Hydrogen = 747:8 —9°8 =738 mm. 
Let the volume of Hydrogen at N.T.P. be V ml. 


760xV ....738X 1210 
273 2837 


or V= 


738x 1210x273 _ 1,40. 
, E a 
Wt. of Hydrogen — 1130765 x 0:00009 g=0'10176 g. 
3 wt. of metal 
Equivalent wt. of metal = =r of Hydrogen 
40 13:364 
Uwe ^ 
3. What is the equivalent weight of a metal 24 g of which 
evolve from an acid 22:4 litre of Hydrogen at N.T.P. ? 


Solution : 22:4 litre of Ha at N.T.P. —(0:09 x 224) g—2:016g 
Wt. of metal — 24 g. 


Equivalent wt. of metal= 12. 


24 .. 
2:006 . 
4. On heating 0:8567 g of copper oxide in a current of Hydro- 
gen the resulting copper weished 0:6842 g. "What is the equivalent 
weight of copper ? 
Solution : Wt. of copper oxide =0°8567 g 
Wt. of copper — 0:6842 g 
Wt. of oxygen = (0:8567 — 0:6842) g 
—0:1725 g. 


Equivalent wt. of copper= Wt. of copper yg 
wt. of oxygen 
0:6842 e t Te 
SOs DP 


USE The bromide ofa metal contains 90% Bromine. The oxide 
of the same metal contains 47% of Oxygen. What is the equivalent 
weight of Bromine ? 
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Solution : Let the oxide of the metal be 100 g. 
de Wt. of metal —100—47—53 g. 
Wt. of oxygen —47 g 
me Equivalent weight of the metal— 53 x 8— 9:02. 
Again, let the bromide of the metal weight 100 g. 
; Wt. of Bromine=90 g. 
s Wt. of the metal— 100—90— 10 g. 
Now,'* 10g of the metal combines with 90 g of Bromine, 


9:02 g of the metal combines with ox ore g of Bromine 


—81'18 g of Bromine. 
Equivalent weight of Bromine— 81:18. 


6. 1:201 g of Zinc gave 1:497 g 


; j of Zinc oxide on treatment 
with nitric acid and subsequent ignition 


In a second experiment 0543 g of Zinc precipitated 0:527 g of 
Copper from a solution of copper sulphate. 


Calculate the equivalent weight of Copper. 
Solution : Wt. of Zinc— 1:201 g. 
Wt. of Zinc oxide= 1-497 g. 

Wt. of Oxygen (1:497— 1:201) g 
— 0:296 g. 


Equivalent wt. of Zinc-. Wt. of Zinc _ 
Wt. of Oxygen 


1:201 
——sazX8-23246. 
0:296 x8 46. 
In the second experiment : 


Let the equivalent weight of Copper be F, 


Wt. of Copper displaced _ E 


quivalent wt. of Copper 
Wt. of Zinc 


Equivalent wt. of Zinc 
Or 0:527 _ E 
0:543 32346 


0:527 x 32:46 
or Ex T UOT 
E 0:543 Ug 
Equivalent wt. of Copper — 31:5. 


7. The chloride of a metal M contains 47-23% of the metal. 
100 g of this metal displaced from a compound 0°88 g of another 
metal N. Find the equivalent weights of M and N. 


Solution : Let the weight of the chloride of metal Af be 100 g. 


i.e., 
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Wt. of metal M —4723 g. 
Wt. of chlorine— 100 —47:23— 52:77 g. 


wt. of metal 


Equivalent wt. of the metal M= ————— ——— 5: 
a ES. wt. of chlorine Ness 


— 4723 jas 53] 
Lp X355-3L7T. 


Wt. of metal N displaced —0'88 g. 


Equivalent wt. of M _ wt. of M 
Equivalent wt. of N wt. of N 


cu. d E ULP MER p SVITX 88 27:96 


Tre Equivalent wt. of metal N —27:96. 

8. Two cells, one containing CuSO, solution and the other 
AgNO; solution, are joined in the same electric circuit. It is found 
that 0:106 g of Cu is deposited in the same time as 0°3597 g of Ag. 
If the equivalent weight of Cu is 31°8, calculate the equivalent 
weight of Ag. 

p s... Wt. of Ag deposited E fA 

eration’ _ Eq. wt. of Ag 

Solati Wt. of Cu deposited Eq. wt. of Cu 


0:3597 __E ^y 
Or 106 318 (E=Eq. wt. of Ag) 


1.0:3597:x 318... 17. 
E- 0106 =107°91. 
t of silver will be obtained when 3 g of copper 


9. What weigh l 
are left in excess AgNO, solution? (Eq. wt. of 4g — 108, and that 


of Cu=31°7.) 
Solution: *. 317 g of Cu liberate 108 g of Ag, 
5 3gof Cu liberate D g of 4g —102 g of Ag. 
m chloride gave 1:2925 g of silver chloride 


e solution. Calculate the equivalent 
m and chlorine being 20 and 35:5 


or 


30. 05g of calcium, 
on treatment with silver nitrate S 
weight of silver, those of calciu 
respectively. 

Solution : ; 

t. of metal --Eq. wt. of acid radical 


Eq. W 
Wt. of the salt taken 4 Ee wt o meta: -Eq. wt oracid fadical 


We. of the salt precipitate 
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BEE 20s 300) Es Hd witlof As) 
v 123925 E4355 ŽI 2 
0°5 55:5 a 
E ye OE EEO: 
a T2925 E4355 
Atomic Weight 
Definitions : n 


: j it 
1. The atomic weight of an element is the smallest weight of ! 
present in the molecular weights of its compounds. 


2. Using the weight of a hydrogen atom as standard, the atomic 
Weight is defined as : 


The atomic weight of an element is a number which shows how 
many times the weight of one atom of the element is, greater. than 
the weight of one atom of hydrogen. 


i i hs wt.^of 1'atom of the element 
ie. es ent 
aie RM ofanelement wt. of 1 atom of Hydrogen 

3. A special unit 


is now applied to express the weights of atoms. 
This unit is called the atomic mass unit (a.m.u.). It is defined as 
exactly 1/12th the mass or weight ofa Cl atom. It is designated 
by the symbol 11, Thus, the weight of the C!? atom is exactly 121. 
On this basis the atomic weight may now be defined as follows : 


The atomic Weight of an element is a ratio of the weight ef one 
atom of the element to 1/12th the weight of one C1? atom, 


i.e., atomic weight of an clement t of 1 atom of the element 


1/12th the wt. of C atom 
Thus, the weight of the Na? atom is 22-9898, 


Gram-atóm— The gram-atom of an element is its atomic weight 


expressed in gram. Thus, 1 gm-atom of Oxygen stands for 16 g of 
Oxygen (at. wt. of Oxygen —16). 


` wt. of the element in gram 
le, Gram-atom= 
3 At. wt, of the element 


A mole of atoms i$ often called a gm-atom. 
Relation between Valency, Equivalent weight and Atomic weight : 


Letthe valency, equivalent weight and atomic weight of an 


clement be V, E and A respectively. According to the definition 
of valency, 


V atoms of Hydrogen combine with 1 atom of the element 


a 


VALENCY, ATOMIC WEIGHT AND EQUIVALENT WEIGHT 123 


i.e., V gm-atoms of Hydrogen combine with 1 gm-atom of the 


element 
ie., V g of Hydrogen combine with 4 g of the element, 


1 g of Hydrogen combines with E g of the element. 


NI» 


Thus, equivalent wt. (E) of the element — 4/V; or E= 
i.e., Atomic weight — Equivalent weight x Valency. 


Determination of Atomic Weights : 


The atomic weights of elements are generally determined by the 
following methods : 

1. From the equivalent weight of the element. 

2. Cannizzaro's Method. 

3. From Dulong and Petit's law. 

4. From Mitscherlich's law of Isomorphism. 

5. With the aid of the Periodic Table. 

1. From the Equivalent weight of the Element—The scheme 
followed in this method is as follows : 

(i) The Eq. wt. of the element is determined cautiously. 

(ii) An approximate atomic weight of the element is determined 
following Dulong and Petit’s law. 

(iii) The valency of the element is now calculated by the formula, 

Approx. at. wt. =Eq. wt. x valency. 
The valency is always a whole number. 
(iv) The exact atomic weight is now worked out as, 
At. wt. — Eq. wt. x Valency, 
2. Cannizzaro’s Method—This method is based on the fact that 


the smallest weight of the element, present in the molecular weights 
of its various compounds is the atomic weight of the element. The 


scheme of this method'is as follows : i 
(i) The vapour densities of a large number of its gaseous or vola- 
tile compounds are determined. 
(ii) The molecular weight is now calculated as, 
Molecular wt.=2 x vapour density. 


(ii) Each compound is now analysed to find the exact weight of 
the element present in a molecule of tbe compound. 


(iv) From the data at disposal, the smailest weight of the element 
present in the molecular weights of a Jarge number of its compounds 
is sorted out. This smallest weight represents the atomic weight of 


the element. 
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Example : 
Atomic Weight of Carbon 
UE VCONSISIPISSEUOIEMETOLIS YE NETT E 
Vapour | Molecular | Weight of Carbon in tne 


Compound density ^| - weight molecular wt. of the 
\ 1 compound 
| pet NA eee 
Carbon dioxide | 22 | 2X22=44 12g 
Carbon monoxide | 14 | 2X 14—28 12g 
Methane pans 2x 8=16 12g 
Ethane | 15 j 2X15=30 24g 
Acetone | 29 | 2x29=58 36g 
Benzene | 39 | 2x39—78 72g 
QIIIA 


RENS QU Rd: ari) a1 7 oe 
Thus, 12 g is the smallest wt. of Carbon present in the molecular 
weights of its compounds. Hence, the atomic weight of Carbon - 12. 


3. From Dulong and Petit’s Law—Dulong and Petit’s law may 
be stated as : 


The product of the atomic weight and the specific heat of all solid 
elements is a constant, and is equal to 6:4 approximately. 


Thus, At. wt. X Sp. heat 6:4 (approx.). 
This constant value is known as the atomic heat. 


In order to determine the exact atomic weight of an element the 
following scheme is adopted : 


(i) The specific heat of the solid element 


is determined 
accurately. a 


(ii) Approximate atomic weight is now found out by the relation, 
64 
ALL. E 
Sp. heat 


(ii) The equivalent wt. of the solid element is determined 
accurately. 


(iv) The valency of the element is then determined by the relation, 


Approx. at. wt. 
Eq. wt. 


This value of valency is changed to the nearest whole number 
to get the actual value of valency. 


(v) Now, exact at. wt.= Eq.wt. x Valency. 


ee of this method: (i) Itis applicable to solid elements 
only. 


(ii) It does not apply to Carbon, Boron, Silicon etc. 


Valency = 
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4, From Mitscherlich’s Law of fsomorphism—The Law of Isomor- 
phism may be stated as follows : 

Two compounds, crystallising in the same form and composed of 
the same number of atoms combined in a similar manner, are said to 
be isomorphous with each other. 


Example : 
ZnSO,. 71H30 and MgS0O,.7H,0 
(Zinc sulphate) (Magnesium sulphate) 
KSO. Ala(SOu)s-24H20 and Gro(SO4)s-Ala(SOa)3-24120 
(Potash alum) (Chrome alum) 
CIO; and KMnO, 
(Potassium perchlorate) 1 (Potassium permangante) 
an 


aCTU. 2904 
(Potassium chromate) (Potassium sulphate) 


If we consider two isomorphous compounds, one made up of 
elements of known atomic weights and the other containing an 
element of unknown atomic weight, the latter can be compared 
with that of the element it replaces. Thus, two cases arise : 


(i) Let there be two elements A and B combining with a fixed 
weight of other elements in their compounds. The weights of A and 
B will then be in the ratio of their atomic weights. 


wt. of A _ At. wt. of A_ 
>w oB At. wt. ofB' 


(ii) The valencies of the two elements replacing each other in 
isomorphous compounds will be the same. 


5. From Periodic Table—The atomic weights of elements can 
also be known from the Periodic Table. 


Solved Problems 


1. The Eq. wt. of Magnesium is found to be 12:16. Its approxi- 
mate at. wt. determined by other methods is 23. Calculate the exact 
atomic weight of Magnesium. 

2 23 

Solution: Valency of Mg= 1216 =1:89: 

But valency cannot be a fractional number. It must be a whole 
number. Hence, the valency will be 2. 

Exact At. wt. = Valency x Eq. wt. 
—2x12:16 =2432. 

2. The vapour densities of a number of compounds of phospho= 

rus and the percentage of phosphorus in these compounds were 


126 


found to be as follows : 
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Compound Vapour % of 
density | Phosphorus 
Phosphoric oxide 150 43:7 
Phosphorus oxide 110 564 
Phosphorus trichloride 70 22:5 
Phosphorus pentachloride 63 246 
Phosphorus oxychloride 77 | 20:2 


aR ra z F ITEM 
Calculate the probable atomic weight of Phosphorus, 


Solution : 


V.D. | Mole. 
f 


Compound ge 


i 
aem 
Wt. of P in one gram. 
molecular wt. 


Smallest wt. 
of Phosphorus 


Phosphoric oxide 150 | 300 48-7 


Phosphorus oxide 110 j 220 36 4 


Phosphorus trichloride 22:5 


Phosphorus pentachlo- 126 246 


ride 


| 


Phosphorus oxychloride 20:2 


Probable At. wt. of P=31-108. 


3. The chloride of a metal was found to contain 47:22 


Solation : Let the wt. of the chloride of 


2e Wt. of metal =47-22 g 


100 x300—131:1 
Too X 220=124-08 
100 X 140=31-50 


| 
| —s0 
| $ too ~ 126=30:996 


[A of the 
metal. Its specific heat is 0:094. What is its exact At. wt. ? 


the metal be 100 g. 


Wt. of chlorine — 100 —47-22 — 52:78 g. 


78 


Eq: Wt: of metal = 5722. 35:5 231-76. iT 
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2 64 SUCI Leg 
Approx. At. wt. = Sp. heat ^ 0-094 68:08. 


At. wt. 68:08 
1 NMS SY OE 
Valency—-g o wE 316 721 
But valency is always the nearest whole number. 
+, Valency of the metal =2 
Exact At. wt. = valency x Eq. wt. 
—2x3176-63:52. 


4. The bromide of a metal contains 81:08% Bromine. The 
specific heat of the metalis 0'11. Calculate the Equivalent weight, 
‘Atomic weight and Valency of the metal. (Br=80). 


Solution : Let the wt. of the bromide be 100 g, 
£5 Wt. of Bromine— 8108 g 
and. wt. of the metal — 100 —81:08 — 18792 g 


81:08 g of Bromine combine with 18:92 g of metal, 
18°72x 80 .. 
80g $5 3 2? —8POS ~ " 
= 18:66 g ph 
ie. Eq. wt. of the metal =18°66, 


Sp. heat of the metal=0'11. 
From Dulong and Petit’s law, 
6:4 
_ At. wt. === 
Approx. At. w Em 58°18, 


Equivalent wt. = 18:66; 


valency = 2r -312. 


.. Correct valency =3. i 

4 Correct atomic weight = 3x 18:66— 55:98. 

5. A sample of metal chloride weighing 0:22 g required 0°51 g 
of silver nitrate to precipitate the chloride completely. The specific 
heat of the metal is 0057. Find out the molecular formula of the 
chloride if the symbol of the metalis M. — (L.I.T. Admission Test 1976) 


Solution : Let the equivalent weight of the metal be Z. 
. Eq. wt. of the chloride — (E 355). 
Eq. wt. of Silver nitrate— Eq. wt. of Ag-- Eq. wt. of NO; ion 
—108--62 —170. 


E--35:5 |. wt. of metallic chloride 0:22 


170 wt. of AgNO; needed 0:51 
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or 0:51(E+-35'5)=170 x 0:22 
or 0°51E+35°5X0°51=170 «0°22 
or — Q(51E— 19-295; 
. 19:295 
E O51 
ie., Eq. wt. of the metal = 37:83, 
Sp. heat of the metal = 0:057. 


-3T:83 


64 
x. at. wt.= =112- 
Approx. at. wt 0s 112:3 


Valency = 


Correct valency =3. 
Molecular formula of the chloride : MCI. 
6. 0'200 g of anhydrous chloride of an element on treatment 
with sulphuric acid gave 0°263 g of anhydrous sulphate. Find the 
eq. wt. and at. wt. of the metal, if its sp. heat is 0:64. 
Solution : Let the Eq. wt. of the metal be E. | 
Eq. wt. of the chloride of metal =(£+ 35:5). | 
Eq. wt. of sulphate ion=48, | 
Eq. wt. of metallic sulphate — (E 4-48). 


E-355 _ wt. of anhydrous chloride ts dm | 
E+48 wt. ot anhydrous sulphate — 0:263 


or 0:263(E+ 35:5) - 025-48) 
or 0:263E--0:263x 3555-—0:2E 0:2 x 48 
or 0:263E +9°336 — 0:2 E. 9:6 


Pr. 700635—0:264* "NEIEEEOSO 4 
0°063 4 

i.e., Eq. wt. of the metal = 4:19. | 
Sp. heat — 0:64, | 


64 
X. At. wt, ——— — =10. | 
Approx. At. w 064 10 
Valency= 10" = 2°38. 
4:19 | 
Correct valency =2. | 
i Correct At. wt, of the metal =2 x 4:19 — 8:38. d 
7. A sample of metal oxide weighing 6:50g is decompose 1 
quantitatively to give 6:251 g of the metal. The sp. heat of the meta 


1500332 cal/g. Calculate the exact atomic weight of the metal and 
the empirical formula of the oxide. 
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Solution : Wt. of the oxide 2 6:50 g 
Wt. of the metal 2 6251 g 
.'. Wt. of oxygen 2 6:50— 6:251 —0:249 g. 


d 2467250 E 
.. Eq. wt. of the metal = 0249 X8=200'83 g. 


Sp. heat of the metal -0:0332 


i E CARTA E 
.. Approx. at. wt. 70103327 192:77 


-. Valency = we =0°96 


Correct valency =1 
Correct at. wt. = 1 X 200:83— 200 83 


.. Empirical formula of oxide : M,0 

8. The chloride of an element contains 75:85% of chlorine 
and the density of its vapour is 91 times that of hydrogen. What 
is the formula of the compound and the atomic weight of the 
element ? (C1 — 35:5) 

Solution: Let the wt. of the metallic chloride be 100 g. 
.. Wt. of chlorine=75'85 g 

Wt. of the metal 2 100—75:85—24-15 g 


24:15 
.. Eq. wt. l= S=11'3 
q. wt. of the meta! 75:85 x35 1 


Vapour density =91 
-. Molecular weight =2x 91 —182 
Let the valency of the metal be x. 
<. At. wt. of the metal 2 11:3x x 
Formula of the metallic chloride, MClz 
.. Formula weight of the metallic chloride, 
—-1L3x435:5x246:8x; .. 46:8x—182 


x= 182 _ 3-88 


Of 468 


Correct valency =4 

Formula of the compound : MCh 
.. Correct At. wt. 24x 1I:3—452 
9. On dissolving 2:00 g of a metal in sulphuric acid 4:51 g of the 
hate was formed. The specific heat of the metal is 0:057 


metal sul £ 5 

cal/g. What is the valency of the metal and its exact atomic 

weight ? (LIT. 1978) 
32 


Solution: The eq. wt. of SO4- — radicil— Xag 


INTR. CH.-9 
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^ 2 g of the metal forms 4°51g of sulphate, 

^ Wt. of SO4- -—4:51—2:00-2.:51 g. 

i.e., 2:51 g of the sulphate radical combines with 2 g of metal, 

~. 48 g of the sulphate radical combines with (2x48. 


Js] 5 of metal, 


= 38:24 g of metal, 
Eq. wt. of metal = 38:24 


Applying Dulong and Petit's Law, 


Approx. At. wt, - 6'4 AOE 
BE T^ T Sp. heat 7 Qos7 7112 


x 112 
<. Val ED: 
£ y 29 
7. Correct valency =3 
^ Exact At wt.=3%38-24= 114-7. 
10. 1 g ofa certain metal when dissolved in dil. 


1242 ml of Hydrogen at N.T.P. The Specific heat of the metal is 
0:238. Find its equivalent weight, atomic weight and 


valency, 
Solution: Wt. of Hydrogen at N.T.P. = 000009 x 1242 g 
—0:11178 g 


~ 011178 g Hydrogen is evolved by 1 g of metal, 


HCI evolves 


7. 1g Hydrogen is evolved b 1 Ag. 
& Hydrogen i Y qii; B Of metal- 8:94 


Le, Eq. wt. of the metal — 8:94 
Sp. heat of metal — 0:238 


64 
ee . At. wt. = =26: 
Approx. At. w 0:238 268 


26:8 
4. Val = se Ske 5. 
alency 8:94 2:9 
*. Correct valency =3 


-. Correct at. wt, 3x 8:94 26:82. 


1l. A metal forms two oxides, containing respectively 22:2 and 
30:0% of Oxygen. Its Sp. heat is 0:114. What formula would you 
assign to them ? 


Solution : First Oxide : Let the wt. of the oxide be 100 g. 
-- Wt. of Oxygen 222 g 
Wt. of metal— 100—22:2— 77:8 g 
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7T'8 
.'. Eq. wt. of Exe =28: 
Eq. wt. of the metal 2348 28:03 


Second Oxide: Let the wt. of the oxide be 100 g. 
*, Wt. of Oxygen-30g 
Wt. of metal— 100— 30— 70 g. 
Eq. Wt. of the metal - 20x 8— 18/7 


Sp. heat of the metal — 0:114 


Š we ae 
-. Approx. At. wt. = STs =56'1 
Valency (in first oxide) = 205 =? (nearest whole number) 
Valency of metal (in second oxide) = 201 =3 (nearest whole 


18'77 ^ number) 
As the valency of Oxygen is 2, the formulae will be : 
First oxide: M30$, or MO 
Second oxide: M203. 


12. The specific heats of the metals M and N are 0:25 and 0214 
respectively and.their equivalent weights are 12 and 9 respectively. 


What would be the formulae of their chlorides ? (Mith. U. 1978) 
Solution: Approx. at. wt. of the metal Mc 62256 
25:6 
Valency of metal M IRA (nearest whole 


number) 


= 64 39. 
Now, approx. at. wt- of N — 57214 29:9 


-. Valency of N 2 =3 (nearest whole number) 


Formula of the chloride of M : MCI, 
Formula of the chloride of N : NCI, 


13. The vapour density of the chloride of a metal is 66:0. In 
the oxide of the metal the percentage of the metal is 53%. What 
is the valency and the atomic weight of the metal ? (M U. 1977A.) 


Solution: Let the weight of the oxide of the metal be 100 g. 
<- Wt. of metal —53 g. 
Wt. of Oxygen = 100 —53 —47 g 
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f 53 ; 
Equivalent weight of the mets x8-9:02 


ight of the chloride of metal=2x V.D. 
Molecular weight o AX BD 
he valency of the metal be x. J 
E SERA formula of the chloride of metal is MCl;, 
à ; Formula weight —9:02 x X+35'5xx 
Js 9:02x+35:5x=132, or 44:52x 132 


132 


or x= 44:53 —3 (nearest whole number) 


-. Exact atomic wt. of the metal =3 x 9:02 — 27:06. 


14. The weight of oxygen in the oxide of an element is 28696 
and the vapour density of its chloride is 555. Calculate the atomic 
weight of the element. (M. U. 1973 S; R. U. 1977) 

Solution: Let the weight of the oxide be 100 g. 
<. Wt. of Oxygen =28'6 g 
Wt. of the element —100—28-6—71:4g 
Equivalent weight of the element = i x8—]19:91 
V.D. of the chloride = 55-5 


<. Molecular weight 2» 55'5=111 
Let the valency of the element be x, 


-. At. wt. of the element =x x 19:9] 
Formula of the chloride of the element : MCI; 
Formula weight — 19:91x--35:5x — 55'41x 
40 5541x111 


: M nm? 
En XS =2 (nearest whole number) 


“. Exact at. wt.=2x 19°91 —39:82. 


Questions 
Long Answer Type: 


1. What do you understand by the valency of elements ? Ecw is it 
measured ? Arrange the following elements in the order of increasing valency : 
Carbon, Nitrogen, Chlorine, Calcium, Mercury. 
2. Describe 


how would you determine the equivalent weight of Zinc ? 
;.45:, What do you mean by the equivalent weight of a metal ? ede 
briefly the method adopted for the determination of equivalent weight of a me 


Which does not liberate Hydrogen from an acid. — 
Ho! 


4. W is the equivalent Weight of Magnesium determined in the 
laboratory ? 
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5. Explain equivalent weight, atomic weight and valency of an element. 
Show that, 

At. Wt.= Eq. Wt. x Valency. (Mith. U. 1974 A) 

6. State Dulong and Petits Law and indicate its utility in the deter- 
mination of the atomic weight of an element. What are the defects of this law ? 

(R. U. 1977A; M. U. 77 A) 

7. Give the method of calculation for the determination of the equivalent 
weight of a metal by hydrogen displacement method. 

8. Explain clearly what do you understand by the “variable valency” of an 
element. 


Short Answer Type: 


1. Define equivalent weight of an element. 

2. What do you mean by atomic weight ? 

3. What do you understand by variable equivalent weight ? 

4. What is gm-equivalent ? e ^ 

5. Give the names of four methods for the determination of atomic weight 
of an element. 

6. Prove that, at. wt. —equivalent wt. valency. 

7. Explain the terms (i) Equivalent weight and (ii) Gram-equivalent. 

8. Distinguish between equivalent weight of hydrogen anı gm-equivalent 
of hydrogen. 


Objective Questions : 


^ (A) Put T for true statements and F for false statements in the given Answer 
Oxes : 
1. The maximum weight of Ag which can be displaced from AgNO; 
solution by 0:1 gm equivalent of Mg is 272 g. 
2. The product of atomic weight and specific heat of solid elements is 
approximately 6:4 LJ 
3. The valency of an element is determined by the number of Oxygen 
atoms which combine with one atom of the element. 
4. 20gof a certain metal displaces 20g of H, at N.T.P. The 


equivalent weight of the metal is 10. o 
5, Incuprous oxide (Cu,O) and cupric oxide (CuO) both, the valency 
of copper is the same. o 


[Ans.: 1. F; 2. T; 3. E; 4. T; 5. F] 
(B) Fill in the blanks with suitable word given in the brackets : 


1. One gm-equivalent of a metal displaces........ Fag litre of Hydrogen at 
N.T.P. from an acid. (56) (112) 
2. The equivalent weight of the metal, 1:2 parts by weight of which 
combine with 0°8 part by weight Of OXYBEN JS: eee. sse 202. (24); (12) 


3. The oxide of an element contains 20% oxygen. The equlvalent weight 
of the metal is. (32) (16) 

4. The equivalent weight of an element M is 9 and its oxide is Ma0. The 
atomic weight of M is......--+++++++ (27) (48) 

[Ans. : 1. 11:2; 2. 12; 3. 32; 4. 27] 

(C) To each question below four answers are given but only one of them is 
correct. Select the correct answer. 

1. A, gof an element gave A; 8 ofits oxide. The equivalent wt. of the 


element is : 


(a) and xe O ey xS © 47x 
1 1 
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A,— A, 
(d) prime AE: 


- 1 g of Hydrogen combines with 80 


2 g of Bromine. 1.g of Calcium combines 
with 4g of Bromine, The eq. wt. of Calci 


um is 


having molecular weights 82, 64 
€ weights of element present in one gm-mole of these Compounds are 
36, 24 and 48 i 


of the element is 
(a) 24, (b) 12, (c) 4 (d) none of these. 


to dissolve it, The equivalent 


a) 20, b) 25, (c) 40, (d) 50. y 
SIRA USER is rene by heating in a stream of Hydrogen. Ius 
found that after complete reduction, 315g of the oxide have yielded 1:05 g of 
metal (O— 16). 
a. We may deduce that— 
(i) the at. wt. of th f 
(iii) the eq. wt. of the metal is 4, (iv) the eq. wt. of the metal is 8. 
the wt. of water Produced will be— T ^ 
(i) 2:362 g, (ii) 18:3 g, (iii) 4721 g, (iy) 2:442 g. ; 
b 6. Ina metallic oxide (MO) if 1°6g of Oxygen is mixed with 6:32 g of meta 
the equivalent weight of metal M is s 
(i) 316, (ii) 63, (iii) 94°5, (iv) 126 4. 
7. Which of the following is the Correct relation 


4. 1g of a metal required 50 ml of 0-5N HCI 
weight of th 


(i) Molecular weight = Atomic weight 


Valency 
(i) Atomic weight =Eq. wt.x Valency, 
(iii) Eq. wt.=Atomic weight Valency. 
(v) None of these, 


e equivalent weight of sulphuric acid is 


(i) 98, . (ii) 49, (iii) 9:8, (iv) 4*9, 

9. The molecular weight of NaOH is 40 Its equivalent weight will be 
(i) 40, (ii) 20, (iii) 80. 

10. Th 


e atomic weight o 


f an element i 
The valency of the element is 


i) 3, — qi)12, (iii) 4, (iv) 36 
Of copper is dissolved in nitric acid. The resulting nitrate on being 
heated gave 10 g of oxide, The equivalent weight of copper 


(iii) 48, (iv) 32. 
-hot iron, H, is Obtained according to 


” is 56, its equivalent weight will be 
(i) 42, (ii) 21, (iii) 63, (iv) 84. iia š 
„13. The weight of a metal after burning in oxygen increases by `24%,. Th 
equivalent weight of the metal is 


(iv) 33:3. ea 
If the equivalent weigh 
» the atomic | a 
(i) 9, ii) 27, (iii) 18, (iv) none o. these. 
: ement is 0'16. The atomic weight of the 


9 
(D 20, 1..18)/30,. 1 K 64.2 = Gp, 20: (MDAT 1979) 
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16. If the molecular weight of a dibasic acid is M, its equivalent weight is 
(02M, (Qi) Mj, (ii) M/s, (ivy) VM. (MDAT 1980) 
17. The vapour density of the chloride of a metal is 66. The oxide of the 
metal contains 5396 ofthe metal. The valency of the metal is 
© 1, (ii) 2, (ii) 3, (iv) 4, (v) 5. 
18. The chloride of a metal contains 79°77% chlorine. The specific heat of 
the metal is 0'237. The atomic weight of the metal is 
(i) 9, (i) 18, (iii) 27, (iv) 36, (v) 45. 
19. L'4g of a divalent metal displaces all the hydrogen from 2:45 g of 
sulphuric acid. The atomic weight of the metal is 
(i) 16, (ii) 14, (iii) 56, (iv) 70. ] 
20. The molecular formula of a metal chloride is MCI and its molecular 
weight is 745. The equivalent weight of the metal is 
(i) 745, (ii) 39, (iii) 110, (iv) 88. 
.[Ans. 1. b; 2. c; 3.a; 4.c; Sa. (iii); Sb. (i); 6. (i); 7. (i); 8. (i); 9. 0); 
n s 11. (iy): 12. (ii); 13 (1); 14. (ii); 15. (iv); 16. (iii); 17. (iv); 18. (iii); 19. (i); 
nj. 


Numerical Problems : 


1. 2:043 g of a metal was treated with excess of sulphuric acid. The volume 
of Hydrogen collected over water at 15°C and 752-5 mm. pressure was found to 
be 10555 ml. Calculate the equivalent weight of the metals IUS IU) 
at = 12° i l of Hydrogen at N.T.P.=0" g). 

6 mm, and weight of ,1 ml of Hydrog (aa 3297) 

_ 2. 1°62 g of Zinc was converted into nitrate DU eee in nic par. 
nitrate, on st heating, left 202 g of the oxide. Find the equivaten wel 

vine , rong heating, le go (Ans. 324) 

3. 1 gof a metal when treated with dil. H,SO, gave 922 ml of Hydrogen 
atN.T.P. Find theequivalent weight of the metal. (Ans. 12:14) 

4. 3:2203 g of carbon in the form of diamond yields on combustion 11:8057 
gofcarbon dioxide. Calculate the equivalent weight of Carbon. (Ans. 3) 

5. 5 g of a metal liberate 0:0346 g of Hydrogen from HCl, and the same 
weight of the metal yields 6°35 g of its oxide. Calculate the equivalent weight of 
the metal. (Ans. : 144:5; 296) 

6. 0:344 g of Tin combines with Oxygen to give 04365 g of SnO, What is 
the Eq. wt. of tin ? (Ans. 29:7) 

7. 100 g of Mg combine with 65°6 g of Oxygen. 8 g of Oxygen combine with 
1 g of Hydrogen. Find the equivalent weight of Magnesium. (Ans. 12:19) 

8. The chloride of a metal M contains 47:25% of the metal. 1g of the 
metal would be displaced from a compound by 0:88 g of another metal N. Find 
the equivalent weights of M and N. 


[Hint: Chlorine— 100—47:25— 521596 


4T25 

3 = 35:5=3179 
s. Eq. wt. of M. 3775 x35 7 
Again, 1g of M displaces 0°88 g of N, 


ee 31:79 g 5 sekare gof N 


—27:91—Eq. wt. of N] 


i ide, the oxide loses 
9. When Hydrogen is passed over excess of copper oxide, the oxide IEE 
59:789 gin wt., and 61:28 g of water are formed. Calculate the OC gb: 


T:98 
of Oxygen. y 
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A5: f ZnCl, require 8:866 g of silver for completely precipitating the 
Een E CI. "sonno the equivalent weights of silver and chlorine to be 
107:88 and 35:46 respectively. Calculate the equivalent weight of Zinc. 


(Ans. 32:68) 
11. The chloride of an element contains 38°11% of chlorine. Find the equi- 
valent weight of the element (C/ —35:46).. (Ans. 57°58) 

12. The same current was passed through solutions of PANO), and ZnSO, 
It was found that the weights of Pb and Zn deposited were 6:903 g and 2:18 g. 
Calculate the equivalent weight of P5, that of Zn being 327. (Ans. 103:54) 

13. Calculate the equivalent weight of a metal, 0.3070 g of which when placed 
n solution of AgNO,, displaced 1-775 g of silver. (Equivalent wt. of Ag —108) 


(Ans. 18:66) 
14. A metal forms two ch'orides Containing 34:4% and 44% of the metal. 
Deduce the equivalent weights of the metal. (Ans. 18°62 and 27:80) 


(Ans. 39) 
16. 1520 g of a hydroxide of a m 
ulate the equivalent weight of the met: 
17. The chloride of a metal contains 47-22% 
0:094. What is its exact atomic weight! ? 
. 18. The specific heat of an element is 0:198. What is its probable atomic 
weight ? (Ans. 32:32) 
19. 0-1166 g of the chloride of a metal yields 0'304 g of AgCI on treatment 
with a solution of silver nitrate, The specific heat of the metal is 0 15. Calculate 
the equivalent wt. and atomic wt. of the metal. (M. U,j1974A) 
20. The chloride of a metal contains 65°61% of chlorine. The specific heat 
of the metal is 0°11. Find the Eq. wt., At. wt. and Valency of the metal. 
21. On heating 4:215 g of the carb te of 1 sad WE, BERENS 
. Z roonate of a metal ina 
ml of CO, is evolved at 27°C and 700 mm pressure, What urn EM 
- xoc M of a metal contain 36:89/. Cor rare) (Ans, 12:15) 
. Tw metal contain 36: +389, x 
heat of the metal is 0117. Calculate the one atone or Oxygen T rg asst 
assign the formulae to its two oxides, (Ans. 54:96: MOS MO 
23. The sulphate of a metal contains 20:99/ of the met: : Ce 
with ZnSO,.7 HO. Whatis t © 


nt al and is i 
he atomic Weight of the metal ? Zine 


Cale 


(Ans. 12:0) 


of the metal. Its specific heat is 


f Ans. 58:65) 
24. The percentage of Carbon in four of its 5 

and 158 respectively. The vapour densities of the More i Eo p d 

38 respectively. Deduce the atomic weight of Carbon. 4 a. ^) 


000 


CHAPTER 7 
CHEMICAL CALCULATIONS 


Empirical or Simple Formula—The empirical formula of a com- 
pound is the simplest formula which shows the relative number of 
atoms of each element present in a molecule of the compound. 

It, however, does not represent the actual number of atoms of 
elements in a molecule of the compound. 

It is deduced from the percentage composition of the compound. 

Example : (i) The molecular formula of acetic acid is C,H4O2. 
It contains 2 atoms of C, 4 atoms of H and 2 atoms of O. The ratio 
of C, H and O atoms is 2:4:2. But the simplest ratio will be 
1:2:1. Hence, the empirical formula of acetic acid will be 
CH,O. 

(ii) The molecular formula of benzene is C,H, The ratio of C 
and H atoms in a molecule of benzene is thus 6:6. The simplest 
Tatio will be 1: 1. Hence, the empirical formula of benzene is CH. 

Gii) In a molecule of acetylene (CaH2) the ratio of C and H 
atoms is 2:2. The simplest ratio is 1: 1. Hence, the empirical 
formula of acetylene is CH. 

It is, thus, seen that benzene and acetylene have the same, empiri- 
cal formula (CH), but their molecular formulae are different. 
Empirical formula from percentage composition : r 
_ Rule: (i) Divide the percentage amount of each element present 
in the compound by the atomic weight of the element concerned. 
This gives the ratio of atoms. 

_ Gi) In order to express this ratio as whole numbers each is 
divided by the smallest number obtained. 

(iii) The quotients are then multiplied by a common number, 
need be, to make them all integrals. 


if 


Illustrations 
1. An organic compound is found to have the following percentage 
composition : 
C-12769,, H=213% and Br=85'11% 
Find out the empirical formula of the compound. 
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Solution : y 
I 
Dividing ae m 
7 05 Atomic | % Composition |Ratio of | each by the Ae s 
Element Composition | weight At. wt. atoms pain number 
c 12:76 12. | 1276 1:06 1 i 
| 12 
H 213 1 2m. 213 2:00 2 
Br 8511 80 A 1:07 100 1 


Empirical formula of the compound is CH,Br. 

2. An organic compound containing C, H and O was subjected to 

Combustion. 1:367 g of the compound gave 3:002 g CO, and 1°640 g 
H,O. Find out the empirical formula of the compound, 

(I. I. T. 1975) 


: 3:002 x 12 100 
Solut :9 ES —600 
ec BE — 44x1367 - 60% 
1640x2100 
% of H= = 13-30 
% 18 X 1°367 19:970 


=- % of 0 =100-(60+13-3) = 26:7% 


Dividing oh 
ie 0, "n, » 

Element o., | Atomic | 95 Composition |Ratio of | each by the Ratio in 
Composition | weight At. wt. 4toms | smallest ande. 
number | "umbel 


[I DS 


TD 5 3:01 3 


E ; E: 
-. Empirical formula of the compound is C;H,0. 
Molecular Formula : The molecular formula of a compound. is 


€ symbolic representation of a molecule of the compound, and 


sao the actual number of atoms of each element present in one 
molecule of the compound. 


LO 
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Example : (i) One moleculė of water contains two H atoms and 
one O atom. Hence, the molecular formula of water is H,O. 

(ii) One molecule of calcium chloride contains one atom of Ca 
and two atoms of CI. Hence, the molecular formula of calcium 
chloride is CaCl. 

(iii) A molecule of benzene contains six atoms of C and six atoms 
of H. Hence, the molecular formula of benzene is C;H;. 


Distinctions between the Empirical formula and the Molecular formula = 


(i) The empirical formula shows the simplest ratio of atoms of 
each element present in a molecule of the compound, but the mole- 
cular formula shows the exact number of atoms of each element 


Present in a molecule. 

The empirical formulae of both benzene and acetylene is CH, 
but their molecular formulae are C,H, and C,H, respectively. 

(ii) In order to establish the molecular formula of a substance, 
its molecular weight must be known. This is, however, not the case 


With the empirical formula. ENS " p 
(iii) The molecular formula is always either identical with or is 


a simple multiple of the empirical formula. Thus, 
Molecular formula = (Empirical formula) x7 
where, n=], 2, 3, 4, ..-- etc. 
i U Molecular weigbt i 
^o "= Empirical formula weight 


Illustrations 


3. A compound on being analysed, gives the following results : 
C=92'4%, and H=7°6% 
The molecular weight of the compound is 78. Find its molecular 
formula. 


Solution : : 
Messen A sS SER RR 


Dividing | Ratio in 


Element % Atomic | % Composition Ratio of | each by the hol 
y Y Composition. whole 
Composition | weight At. wt. atoms | smallest \ number: 
number 
TC VEPSCNS. Ai pla iie eA 
G 924 12 2 71 1-00 r 
12 
H T6 n T6 76 1 1 


EE E Re ee 
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-. Empirical formula : CH 
Let the molecular formula be (CH Jn. 


n=— Molecular weight 
Empirical formula weight 


T1376 
Molecular formula is C,H,. 
4. The empirical formula of a compound is C,H,0. If the 
vapour density of the compound is 44, find out its molecular 
formula. 


Solution : Vapour density = 44 
Molecular weight=2 x 44— 68 
Empirical formula is C,H40. 
-. Empirical formula weight-2x12--4x 1 T 16-44 
Let the molecular formula be (C;H,0),. 
S m Molecular weight 
Empirical formula weight 


=—=2 


44 

Molecular formula is C,H40;. 

5. 015g ofa liquid A on eva 
and 750mm Pressure. 


poration Occupied 62:4 ml at 27°C 
‘oxygen. From these dat 


A contains 40% C, 6:67% H and the Test 
a, find out the molecular formula of 4, 
(M. v. 1963A) 
Solution : Let the volume of vapour at N.T.P. be V ml. Accor- 
«ding to the combined gas law, 


760xV _ 750 x 62:4 
273 (273-27) 


=273 X 750x624 
76x (OT34 27) 7360 ml 
Now, according to Avogadro’s law, the mass of 22°4 litres of a gas 
at N.T.P. is equal to its gram molecular weight. Thus, 
= 560 ml gas at N. T, P, weighs 0:15 g, 


224 1000 ml ,, DISX22400 


» » 


60 g 
i.e., Molecular weight— 60, 
% amount of oxygen in A= 100— (40-- 6:67) 

=53°33%, 
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eee 


- pea Dividi 
Element | ç, 96 2. | Atomic % Composition |Ratio of Bach by the Ratio in 
'omposition | weight At. Whe atoms smallest whole 
number number 
40 
c 40 12 i 3:33 1 1 
H 667 1 ga 667 2 2 
3 
o 53:33 16 S 3:33 1 1 
"NN NENNEN NEAN ET VEU A eL A 


-. Empirical formula is CH4O 
Empirical formula weight— 124-24-16 —30 
Let the molecular formula be (CH20)n. 
We Molecular weight 200 
= Empirical formula weight 30 - 
Molecular formula is C202. 
6. Two oxides of a metal contain 2762; and 30% oxygen res- 


If the formula of one oxide is M,0,, what is the formula 
(M. U. 1970S; '73S) 


oxides be X and Y. The composition of 


pectively. 
of the other oxide ? 


Solution : Let the two 
these oxides will then be as : 


- Oxygen Metal 
X 27:6% 100- 276=72'4 
Y 30% 100—30 =70% 
Let the atomic weight of the metal be x. 


Inx numberof O atoms _ 4 
' number of metal atoms — 3 
Again, number of O atoms in x22. 
And, number of metal atoms in x-724; 
276 [ma _ 4 
16 x 3 


x=55'74 
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Now, Oxide Y : 
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a —M————— M ———— 


Dividing 3e 
Ie 95 Atomic | % Composition |Ratio of | each by the Revo 
mei 35 ^ li 
ement Composition | weight At. wt. atoms gaari Peer 
70 
3 —— . 2 
M 70 55°75 35-74 126 1 2 
o 30 16 ie 188 r5 3 


7. A certain compound containin: 
mate molecular weight of 290. On 
50% of each element. Find the mol 


Solution : 


EEE ee 
Formula of Y will be M;O;. 


£ C and O only has an approxi- 
analysis it was found to contain 
ecular formula of the compound. 


(I. I. T. 1970) 


E 5 


9 Atomic | % Composition 
"Element Composition weight |—— ZETE 

SS | ee c 

c 50 12 BU 

12 

50 

50 16 = 

g 16 


Ratio of 
atoms 


3:125 


Dividing 


each by the | Ratio in 
smallest | Whole 
number | "umber 
SUME E 
1:33 4 
1 3 


-. Empirical formula is C,0, 


Empirical formula weight = 48 + 48 =96 
Let the molecular formula be (C,0,),. 


Molecular weight 


. Empirical formula weight 


Molecular formula will be C,,0,. 
8. A sample of a volatile compound, 0 220 
hydrogen and chlorine only, yielded on combu 


oe 


of CO; and 0:0804 


g of H0. 0120 


“96 


_ 290 


g containing carbon, 
stion in oxygen 0:195 g 
g of the compound occupied^ à 


volume of 3724 ml at 105°C, 768 mm Hg pressure. Calculate the 
molecular formula of the compound 


Solution : Weight of volatile compound —0:220 g 


Weight of Carbon from CO4—1: x0:195—0:0532 g 


(t. I. T. 1978) 


Weight of Hydrogen from HO — 3% x 00804 — 0 00893 g. 


i 
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Weight of Chlorine by difference — 0:22 —(0 0532 4-000893) 


—0:15787g 
1 2 0:0532. 0:00893 , 0°15787 
At s : H: Cl= : : 
omic ratio (Sips se BCH! D 1 35:5 
—0:0044 : 00089 : 0:0044 
z1:2:1 


Empirical formula of the compound : CHCI 


Calculation of Molecular Weight : 

Volume of 0:120 g of compound at N. T. P. 

37°24 x 768 x 273 
a NOSES P Semis 
760x378 ATI 

-. Molecular weight = Weight of 22:4 litre at N. T. P. 

Weight of 27:18 ml at N. T. P.—0'12 g 
0°12 x 22,400 

2718 

—989g 

Molecular weight of compound —98:9. 


Weight of 22,400 ml at N. T. P.— 


Calculation of Molecular formula : 


Let the molecular formula of the compound be (CH,Cl)n 


we Molecular weight 
~ “Empirical formula weight 


= 289 _ 1-99 =2 


49:5 
Molecular formula : (CH3CI), or C3H4Cl; 
CALCULATIONS BASED ON CHEMICAL EQUATIONS 
(A) Calculations involving weight and weight : 
When the equation representing a chemical reaction is known, we 
can easily calculate either the amount of the reactants required to 


produce a given quantity of the product, or the amount of the pro- 
duct formed from the given amounts of the reactants. 


Solved Problems 


1. Find the weight of quicklime (CaO) produced b 


heating 10 g of limestone. (Ca=40, C=12, O=16) ¥ strongly 
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Solution : CaCO; — CaO +C0, 
GO E8) CREO) 


100 g of limestone gives 56g of quicklime, 


56x 10 
10g m » » 100 g » 
j =56 g » 
2. How much KCIO; would you take to prepare 5 g of oxigen ? 
Solution : 2KCIO,— — 2KCI +30, 
2(39--35:5-L-48) 3x32 
=245 =96 
96 g oxygen is obtained from 245 g KCIO;, 
245x5 
5 2 » » 
g , 96 g 
—1276g » 


3. 2/4 g of magnesium is treated with 14 g of hydrochloric acid. 
Find the weight of hydrogen obtained. 


Solution : Mg + 2HCI—-- MgCl,+H, 
24 (2x 365 2 
24 g of Mg reacts with 73g of HCI, 
Mia 5 DX ag —T3 g of HCI 


The HCI being in excess, we shall use the weight of Mg. 
Now, 24g of Mg gives 2g of 3 
2x24 
2g 33 m T g » —072 g of He. 
4. Calculate the minimum weight of iron re 
of hydrogen. 


quired to produce 40 g 


(A) (B) 
Fe--H4SO,— FeSO,-4 Hs 3Fe- 4H,0—>Fe,0,+ 4H, 
56 2 (3x 56) (4x2) 
= 168 =8 


In process (A) 2 gm of H, is obtained from 56 g of Fe, 


56x40 
2 


In process (B) 8g of H, is obtained from 168 g of Fe. Hence, 40 g 
168 x40 
8 


Hence, 


40g of H, would be obtained from =1120 g of Fe, 


of Hs would be obtained from g of Fe, i.e., 840 g of Fe, 


"Thus, in process (B) less iron is required. 
Minimum weight of iron — 840 g. 
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5, Calculate the weight of potassium chlorate which when 
strongly heated gives as much oxygen as is required to react com- 
pletely with hydrogen obtained by treating 6'5 g zinc with dilute 
sulphuric acid. (K 39, C1=35'5, O=16, Zn=65'5) (R. U. 19748) 


Solution: Zn + H3SO47 ZnSO, + He 
655 2 


65'5 g of Zn gives 2g of H», 


2x65 f 
Gey ex g »  =0195 g of Ha 
Now, 2H; + O.—>2H,0 
Ox?) 0X19) 
4gof H reacts completely with 32g of Os, 
m n 
=1:560 g 3 
Again, 2KCIO,——- 2KCI + 30; 
ES a 16) 
96 g of Og is obtained from 245g of KCIO;, 
45X1 
15602 n ra Grocers 
—3:98 g KCIO;. 


6. What weight of pyrolusite containing 60% MnO, would be 
required to liberate all the iodine from 100 g of potassium iodide ? 
(K=39, Mn=55, [= 127) 

Solution : MnO.+-4HCI= MnCl, +2H,20 + Cla 

2KI + Cla=2KCl --Is 


Thus, MnO, = Ch =2KI 
55432 2(39-+-127) 
=87 = 332 
332 g of KI would require 878 of MnOs, 
100 87x 100 
8 2 » » EET g 2 
=26'20 g » 


Wt. of pyrolusite - 26205109 g=43°66 g. 

7. 09031 g of a mixture of NaC/ and KCI was heated with conc. 
H3S0,. The resulting mixture of sulphates weighs 1:0784 g. Find the 
composition of the mixture (C! — 35:5, 'K — 39). 

Solution : Let x be the weight of NaCl. 

Weight of KC/=(0-9031—%) 8 
INTR. CH.-10 
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2NaCl + HSO, > NaSO, + 2HCI 
uid 2Q3--355) Boho? 64 
=117 = 


2KCI--H3S0,-K;SO, 4-2HCI 
2(394-35:5) 78--32--64 
—149 


zz] =174 
oS 117 g NaCl gives 142 g Na.SO,, 
xx 142 
A xg » 


» CES E» 


Again, ^ 149 g KCI gives 174 g K,S0;, 


9 
pu Weight of sulphates= 1:0784 g, 


©. (0:9031—x) 2, EQ 90312) g K,S0,. 


> xx142 174(0:9031 — x) =1:0784 

i) Jari a 0E 
Solving, we get, 

x—0:494 g 
i.e., weight of NaCl=0:494 g 
cs weight of KCI— (09031 — 0:494) g 
—0:4091 g, 
D —0494x100 .. 5 

Hence, % of E ODIT =54-7%, 


% of KCI = DL 100: —45:39,. 


8. 16 of pure manganese dioxide is heated with excess of 
conc. HCI and the Bas evolved in the reaction is passed through 
potassium iodide solution. Find out the weight 


of iodine liberated, 
(Mn=55, CI—35:5, K=39) 
Solution : The reaction between MnO, and Hi 


CI is represented by 
the equation, 
MnO, + 4HCI > MnCh+2H,0 4 Cl, 
(55+-32) 2X 35'5 
=87 =71 
d 87 g MnO, produces 7] g of CI, 
CET Mm " 1x, 5 | 
-13:06g ,, | 
Now, 2KI+ Cl > 2KCI 4T, | 
71 2127 | 


254 
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71 g of Cl, liberates 254 g of Ie, 


X Boss 5 x DIST 
71 
=46°71 g. 

9. A sample of calcium carbonate contains impurities which do 
mot react with a mineral acid. When 2^0 g of the sample reacted 
with a mineral acid, 875 ml of CO, was obtained at 27°C and 750 
mm pressure. Calculate the percentage purity of the sample of 
carbonate. (I. I. T. Adm. Test, 1964) 


Solution : CaCO, +2HCICaCl,+H20 + CO; 
100 g 22:4 litre 
at N.T.P. 


Let the volume of CO, evolved at N.T.P. be V, ml. Then 
760XV_ _ 750x875 | 750x875 


273 (2733127) 300 


273x875x750" 4 a4]: 
or Vo — 3003x760 — m] —341:25 ml. 


Now, 22400 ml CO, at N.T.P. is obtained from 100 g CaCO;, 


341825) OS) 55 = 59 u$ 100x 2S g CaCO, 


=1°52 g CaCO, 
Percentage purity of Calcium carbonate= > x 100 
=76%. 
10. Calculate the weight of NH,C/ required to give 10 litres of 
NH, measured at N.T.P. (Bhag. U. 1974) 


Solution : NH4Cl - NaOH —NaCl4-H,0--NH; 
535g 22:4 litre at N.T.P. 


22°4 litres of NH is obtained from 53:5 g NH,CI, 


il) "TL CS g NHAC 


—23:9 g. 

11. 254g of iodine and 14:2 g of chlorine are made to react 

completely to give a mixture of 7C/ and /Cl;. Calculate the ratio of 

the moles of /C/ and ICI, formed. (I. I. T. Adm. Test 1970) 
Solution : Let the ratio of the moles of ICI and IC/; be x: 1. 


Moles of ICI — x (ICI, = 1) 
Gm-atoms of J=x Moles of 7Cl5—1 (* ICl;=1) 
-4, Gm-atom of J=1, 
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Total moles of noe 
á Wt. of Ip=127(x+1). 
Now, moles of ICl=x (‘s ICIs CI) 
Gl gm- atoms of Cl=x 
Moles of JC/;=1 
Atoms of Gl=1X3=3 | (ICljz3CIl) 
Total number of gm. atoms of CI — x 3. 
A Wt. of Cl=35°5 (x4-3). 
Now, from the problem, we have, 
127(x+1) 254 


35'5(x+3) 142 
EXE a Ratio=1: 1. 


(B) Calculations involving Weight and Volume : 


In such calculations the following points are to befnoted : 
(i) An equation represents a chemical reactionjoccurring at 
N.T. P. 


(ii) The gram molecular volume of a gas at N.T.P. is 22:4 litre. 


2Ha + Oz = 2H.O (steam) 
2 22'4 litres 22°4 litres 2x 22/4 litres 
(N.T.P.) (N.T.P.) (N.T.P.) 
or, 2 volumes or, 1 volume or 2 volumes 
or, 4g 32g 36g 


(iii) Such volume calculations do not apply to solids or liquids. 
It applies only to gases or vapours. 


(iv) One litre of H, at N.T.P. weighs 0:09 g. 
(v) Molecular weight of a gas=2 its vapour density. 


Solved Problems 


1. What weight of sulphur must be burnt in air so as to pro- 
duce 10 litres of sulphur dioxide at N.T.P. ? 


Solution : S+0,= SO, 
32 22:4 litre at N.T.P. 
D 22:4 litres of SO; is obtained from 32 g of S, 
; 32 
a 10 litres » » » sae gots 
= 14-28 g of S. 


2. What weight of sulphuric acid will be required to’ dissolve 


completely 3g of MgCO;? Calculate the volume of n 
evolved at N.T.P. f Sonia 
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‘Solution : MgCO,+H»S0.= MgS0,+-H20 + CO» 
Cs tH) 24-32 +64 22:4 litres 
=$ =98 


at N.T.P. 
ate 84 g of MgCO, dissolves in 98 g of H2SO,, 
5 4 98x3 
e 38 » » » 84 g£ » 
=3°5 g H,SO,. 


Again, 84 g of MgCOs gives 22:4 litres CO; at N.T.P., 


x i ag i 3 SX litres CO; at N.T.P. 


=800 ml. 
3. 1g of analloy of aluminium and magnesium is treated with 


excess of hydrochloric acid to form aluminium chloride, magnesium 
chloride and hydrogen. The hydrogen collected over mercury 1S 
found to occupy 899 ml at 760 mm pressure and 0°C. Determine 
the composition of the alloy. (A/=27, Mg=24) (LI.T Adm. Test 1971) 


Solution : Let x g be the weight of Al. 
Wt. of Mg=(1—) g 


Now, 5 AL--6HCÍ -2AICI, 4- 3H; 
2x21 3: 22:4 litres at N.T.P. 
j =81 _ =67°2 litres 
Mg +2HCI->MgCle+ Hs 
24 22:4 litres at N.T.P. 


81 g of Al gives 672 litres of H: at N.T.P. 

xg MU ^3 SX litres H; .. (a) 
Again, *. 248 of Mg gives 22°4 litres at N.T.P.; 

n U=) g 3 st 2402 litres Ha eb)! 


Total H; evolved at N.T.P.— E ee) 


litres. 
Volume of H;—899 ml=0°899 litre. 


672xx stris er 


81 
By Solvent x=0°326 g 
1.6., wt. of AJ =0°326 g 
a wt. of Mg =1—0:326=0°674 g. 
Hence % of Al= 32:695 


, % of Mg=67'4%.- 
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. What weight of iodine is liberated from excess of potassium | 
iodide by the action of one litre of chlorine measured at 10°C and 
750 mm ? 

Solution : Volume of C/,=1 litre Normal pressure = 760 mm 
Pressure = 750 mm Normal temp. 2273 K 
Temp. =10°C=283 K. 
Let the volume of CI, at N.T.P. be V litre. Then, 


750X1_ 760xV 
283 273 


— 150X273 y, 
x V. 760x283 Ne 


= 0°95 litre. 


2KI + Cl;—2KCI +1. 
Sad 22:4 litres * 2x 1278 


22:4 litres of CI; at N.T.P. gives 2 x 127 g of Jy, 


2x127x 0:95 
22°4 
— 1077 g of 1,. 
5. lgofa mixture of dry sodium carbonate and sodium bicar- 
bonate in equal proportions by weight is ignited until there is no 
more loss in weight. What volume of CO, is evolved at N.T.P. ? 
Solution : Wt. of dry Na4CO, —0:5 g 
Wt. of NaHCO,=0°5 g. 
On ignition NaCO, does not decompose. Only NaHCO, under- 
goes decomposition as shown below f 
2NaHCO, .— Na,CO, +. H:O.. + CO; 
2(23--1--12-L48) 22:4 litres 
—168 f at N.T.P. 
168 g of NaHCO, gives 22:4 litres of CO, at N.T.P., 


0*5 g NaHCO; gives 224% OS litre at N.T.P. 


=0'066 litre at N.T.P. 
= 66 ml. 


0:95 " n 3 g of 7, 


6. 8&5gof sodium nitrate is heated with sodium hydroxide 
solution and zinc. Findthe weight and volume of ammonia gas 
obtained at 20°C and 750 mm pressure (Na—23, N= 14, O=16), 


Solution: Nascent hydrogen is obtained by the reaction 
between NaOH and Zn. This hydrogen reduces NaNO; to give NH; 
gas. 


NaNO, + 8H - NaOH + 2H40 + NH, 
2341 4H 22:4 litres. 
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85 g of NaNO; gives 22:4 litres of NH; gas at N.T.P., 

85 g of NaNO, gives DAE litre at N.T.P. 
=2'24 litres at N.T.P. 

Let the volume of 2:24 litres NH, be V litre at 20°C and 750 mm 


760x2:24 . 750xY. 
213 (273-20) 


760 x 2:24 x 293 ; 
Or E UN Se 04 5 
V 373x750 2:43 litres. 


22:4 litres of NH; at N.T.P. weigh 17 g, 


2:24 litres of NH. at N.T.P. weighs xen g -17g. 


and MgCO, gives 240 ml of CO, 
f the mixture. (Bhag. U. 1977 A) 


Again, 


7. 1g ofa mixture of CaCO, 
at N.T.P. Calculate the composition o 
Solution: Let the weight of CaCO, be x g. 
Weight of MgCO,;=(1—~) g. 
CO; > CaO + CO; 
22:4 litres 


a 
(40+12 F48) 
=100 at N.T.P. 
MgCO; —> MgO + 
(244-12-I-48) 22:4 litre 
=84 at N.T.P. 
100 g of CaCO; gives 22:4 litres of CO; at N.T.P., 


xg of CaCO, gives oC litres at N.T.P. 


Again, 84 g of MgCO, gives 22:4 litre of CO, at N.T.P., 


(1—x) of MgCO, gives A4 Ges): litre at N.T.P. 


22'4xx 4224 (=x) _ 240 
100 84 1000 


22:4. | x Vx |. 
oF 4 [atta o 

x ,1-x_ 0:24x4 
oe 5° 21 22:4 


A kinn —0:0428, or — 4x-25— 525 x 0:0428 


152 INTRODUCTORY CHEMISTRY 


or —4x-—2241—25 
Or —4x= —2:53 
or — x=0°632=wt. of CaCO, 


Wt. of MgCO4—1—0:632 — 0:368. 
% of CaCOs— 63:295 
t^ 95 of MgCOs —36:895. 

8. 1 g of sodium amalgam on treatment with water gives 200 ml 
of Hydrogen at 13°C and 76 cm pressure. Find the percentage of 
sodium in the amalgam. 

Solution : 

2Na + 2H,0 + 2NaOH + Ha 
2x23 22:4 litres 
=46 at N.T.P. 
Volume of H,=200 ml 
Pressure — 76 cm 
Temp. —13?C 2273 + 13=286 K. 
Let the voulme of this H, at N.T.P. be V ml. 


16xV_ _ 16x200 
273. 286 


. 200x273 
li — 8530 e 


= 190°90 ml. 
Now, :: 22400 ml H, at N.T.P. is obtained from 46 g sodium, 


190:90 ml Hy at N.T.P. is obtained form 26% 19090 
: : mm mao 5$ Ne 
— 0:392 g Na. 
Thus, 0:392 g Na is present in 1 g amalgam. 3 
"96 of Na=39-2%. 
9. 1°15 g of metallic sodium reacts with excess of water. What 
is the volume of hydrogen evolved at S T.P. 2 
(Atomic masses in amu are Na= 23, H=1, O=16) 


Solution : 2Na + 2H,0 +> 2NaOH + Hi 
2X23 22:4 litres 
=46 ? at S.T.P. 

46 g of sodium evolves 22 4 litres H; at S.T.P., 


1:15 g of sodium evolves EMO. litre H, 


=0 56 litre = 560 ml. 
(C) Calculations involving Volume-Volume : 
(EUDIOMETRY) 


The study concerning calculations involving volumes of gases 


taking part in a chemical reaction is known as Eudiometry. 
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In chemical reactions in which the reactants and the products 
both are gaseous, we do not have to deal with their actual volumes, 
rather with the relation between these volumes. Hence, we generally 
take 1 gram molecule of a gas at N.T.P. to be 1 volume, instead of 
taking 22-4 litres. 

H, t eI 2HCI 
1 vol.* 1 vol. 2 volumes 

In’ these calculations it is important to note the following 
points : 3 
(i) The volume ratio of two gases may be taken as their molar 
ratio. 

Thus, H: + Cl, > 2HCl 


2 
1 volume 1 volume 2 volumes 
1 mole 1 mole 2 moles 


(i) A chemical equation represents the reaction at N.T.P. 

(iii) 1 gram-molecule of any gas at N.T-P. is’ assumed to occupy 
1 volume (i.e., 22°4 litres). 

(iv) The molecular weight of a gas is twice its vapour density. 

(v) Hydrogen and oxygen combine together to form steam, which 


is then liquefied into liquid water. : 
2H; + Oz > 2H.O (liquid) 
2 vol. 1 vol. 0 vol. 


In this case, contraction in volume —3 vol. 
1/3 of contraction— volume of oxygen. 
2/3 of contraction — volume of hydrogen. 
(vi) The absorption of CO, gas takes place in NaOH or KOH 
solution, whereas O, is absorbed by alkaline pyrogallol solution. 


Solved Problems 


1. What volume of CO can be obtained theoretically from 
100 litres of COs, both measured under the same conditions of 
temperature and pressure ? 


Solution : CO; + C > 2CO 
7 1 vol. 2 vol. 
or 1 litre 2 litres 


-* | litre of CO, gas gives 2 litres of CO gas, 
100 litres of CO; gas gives 2 x 100=200 litres of CO gas. 
. What volume of oxygen would be required to burn 
completely 100 ml of acetylene at N.T.P. ? 


Solution : 2C,H, + 50, —> 4CO, + 2H,0 
2 vol. 5 vol. 4 vol. 
Thus, '' 2ml of acetylene requires 5 ml of 0O», 
<. 100 ml of acetylene requires T of O; / 


=250 ml of 0, 
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3. 10 ml of carbon monoxide are exploded with 20 ml of 
oxygen in an eudiometer tube over mercury. What volume of gas 


is left and what is its composition ? (R. U. 1974 S) 
Solution : 2CO + Os — 2CO, 
2 vol. 1 vol. 2 vol. 


According to the equation, " 
10 ml of CO will combine with 5 ml of O to give 10 ml CO. 
Volume of O, left unused = 20—5=15 ml 
Volume of CÓ, formed = 10 ml. 
Total volume of gas after the reaction — 15--10—25 ml. 
-. In the mixture, 


Volume of CO, = 10% 100 =40% 


Volume of 0,= TRIS — 6095. 


4. 9:0 ml of oxygen is required for complete combustion of 10:5 
ml of a mixture of carbon monoxide and methane, Calculate the 


percentage of each in the original mixture. (Bhag. U. 1975 S) 
Solution : Let x ml be the volume of CO in the mixture. 
aa Volume of methane =(10°5—x) ml 
2CO 4-0,2CO, 
2ml iml 


. CH,--20. CO; --2H,0 
Iml 2ml 
Now, ** 2 ml of CO requires 1 ml of O;, 
Again, ** 1 ml of CH, requires 2 ml of Oz, 
<. (105—2) ml ,, » 2(10°5—x) ml of Oz 


-. Total volume of o= | 2005-3 jo. 


Thus, + +2(10'5—x)=9:0 
x x 

or > +21-2x=9; or > =2x=9-21 
2 2 

or Lxx =—12; or x—4x=—24 


or —3x=—24; Or x=2%4=8 ml 
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1e: volume of CO=8 ml 
i volume of CH,—10:5—8 —2:5 ml 


% of co - 5X1 — 16199, 


and % of cH, - 29 00 =23°81%- 


5. When 15 ml of a mixture of oxygen and nitrogen mixed with 
30 ml of hydrogen at 25°C are exploded, 27 ml of gas is left on 


cooling to 25°C. Find ‘out the percentage composition of the 
mixture, (R. U. 1975 A) 


Solution : Volume of the mixture=15 ml 
Volume of hydrogen=30 ml 
Volume after explosion=27 ml. 
on Contraction in volume =(15+30)—27=18 ml. 
This contraction in volume is due to the formation of water by 
the combination of H, and O;. 
2H, + O5 2H,0 
2ml 1 ml 0ml 


Contraction —3 ml. 
3 ml contraction is due to 1 ml Os, 


MN. PANEL, 
3 
=6 ml Os 
E Volume of N,=15—6=9 ml 
Thus, % volume of 0;=40% 
0, 


o » N= 60%. 

6. Find the resultant volumes measured at the temperature and 
pressure when (a) 10 ml of carbon monoxide are exploded with 25 
ml of oxygen, and (b) 10 ml of oxygen are exploded with 25 ml of 
carbon monoxide. (L.I.T. Adm. Test) 

Solution : (a) 2CO--0,—2COs 

2ml im 2ml 

*: 2 ml of CO combines with 1 ml of Oa to give 2 ml of COs, 

S TOmlisb5s 35 5 ml » » 10mlCO; 

i Volume of oxygen left unused=(25—5) ml=20 ml 
Total volume of resultant gas— 10 ml CO, +20 ml Oz 


=30 ml, 
(b) — 1 ml O, combines with 2 ml CO giving 2 ml CO;, 
3331 20 ml 5 20 ml ,, 


l^ CO left unused —25—20 — 5 ml 
-. Volume of resultant gases—20 zi CO,:-5 ml CO 
—25 ml. 
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7. 10 ml ofa mixture of Hs, 
of Oxygen. i 


und to measure 19 ml. On shaking 
further contraction to 12 ml took 
Place. Deduce the percentage co 


Mposition of the mixture. 
Solution : Let the volumes of H», CO and CO, in the mixture be 
x ml, y ml and z ml respectively. 


On explosion the reactions occur 


ring are: 
fi) 2H;4- O;—2H,0 
2ml imi 
x ml x/2 ml 
qii) 2CO + O, > 2CO 


2ml iml! 2m 
yml yi2 ml ' y ml 


(iii) CO, is left unreacted. This is z ml. 
; Contraction on shaking with KOH 


is due to the absorption 
CO. 

Volurae of CO; — (y--z) ml 
I Jytz-19—12-7 +. (a) 
But, x+y+z=10 ml 

X-F7- 10; or *=10-7=3 ml 


Volume of 9, usd +2 =15-12=3 ml 


Le, a ey or 242-23 
Qr os 2/223—3/2-3]2. 
Now, x+y+z=10 
or 3-F3-Fz—10; un 
Te; Volume of H,=3 ml 
Volume of CO =3 mi 
Volume of CO,=4 ml 
Percentage of H, -=309% 
^ CO .— 309; 
» C04 —409,. 
8. 10 ml of methane are mixed With 25 ml of O in an eüdio- 
meter and exploded. A piece of solid KOH is then introduced into 
the tube to absorb completely the CO, produced. Find the volume 
of the residual gas and calculate the volume of CO, 


produced, 
Solution : CH, + 20, > CO, + 2H,0 
1ml 2ml 1 ml 


or v= 


UD ml of CH, requires 2 ml of O, to give 1 m 
^ 10 ml y 0 ml 


l of CO,, 
» 20m e sp Omm ike 
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a Volume of CO, absorbed by KOH=10 ml 
Volume of O, left unused =25—20=5 ml. 


9. 10 ml of mixture of N,O and NO are mixed with’ 200 ml of 
H, and exploded. 80 ml of N, remained. Find the composition of 
the mixture. 

Solution : Let x ml be the volume of V0. 

s Volume of NO —(100— x) ml 
N:O + Hg > H,O + Ns 


1 ml 1ml -0ml 1ml 
2NO + 2H, > 2H,0 + Na 
2 ml 2m Oml 1ml 


ia 1 ml of N:O gives 1 ml of Na; 
H xml , » xm. 
Again, `.’ 2 ml of NO gives 1 ml of Ns, 


*. (100—x) ml of NO will give 0009 ml of Ns. 
But, total volume of Ne formed=80 ml 
10-5 80; or  2x4X100—x- 160 
or x=60 ml=volume of N,0 


a Volume of NO —100— 60 —40 ml. 

Thus, N30 —60 ml; NO —40 ml.: ) 

10. 10 ml of a mixture of Methane, Ethylene and Carbon dis 
oxide were exploded with excess of air. After explosion, there was 
a contraction of 17 ml, and after treatment with KOH there was 
further contraction of 14 ml. What was the composition of the 
mixture ? 


Solution : Let the volumes of Methane and Ethylene in tho 
mixture be xml and y ml respectively. 
sa Volume of carbon dioxide = 10 = (x+y) 
CH, + 205 => CO% -:2H40 
imi 2ml 1 ml O0 ml ‘| Contraction=2 ml 
For 1 ml of methane the contraction is 2 ml, hence for x ml of 
methane, contraction=2x ml, 


CH. +30.+2C0,+ 2H,O0 
3ml. 2ml 0 ml 
" A Contràaction «2 ml. 


For 1 ml C,H, the contraction is 2 ml 
for y 2yml 
Total first contraction = "x +2y) ml 
Hence, by the question, 


2x+2y=17. 
Now, ait 1 ml CH, gives 1 ml CO», 


X » X» 5 
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gain, 1 ml C,H, gives 2 ml CO,, 
MET SR ai CÓ, 
Total CO, formed — (x4-2y) ml 
CO; initially present = 10— (x+y) 
10—(x+y)+x+2y=14 


or 10—x-y+x+2y=14; or y=4 
Les Volume of Ethylene=4 ml 
2x+2y=17, or 2x+2x4=17 
or 2x—17—8-9, or x=8=4:5 ml 
le Volume of methane— 4:5 m] 


E Volume of C0,—10— (4:54) 2 1:5 ml. 


11. 50 volumes of a gas mixed with 70 volumes of oxygen give 
after explosion 50 volumes of Carbon dioxide and after absorption 
by KOH, 45 volumes Oxygen are left. What is the gas 2 
(L.I.T. Adm. Test) 

Solution : Volume of the gas— 50 vol; 

Volume of O, added — 70 vol. 
Volume of CO; produced — 50 vol 
Volume of O,left—45 vol. 

Volume of O; consumed in combustion = 70 —45 25 vol. 

ds 50 volumes of the gas combine with 25 volumes of O, to 
form 50 volumes of CO;. 

or 2 volumes of the gas combines with 1 volume. of O; to 
form 2 volumes of CO. i 

or 2 molecules of gas combines with 1 molecule of Oz 
2 molecules of CO;. 

2 molecules of gas -2CO,— 0,—2CO 

1365 Formula of the gas is CO. 


to form 


Molecular formula of Hydrocarbons : 


In order to determine the molecular formu 
carbon, a known volume of it is mixed up with 
The mixture is subjected to explosion. 
in volume is noted down. 

Three cases may arise : 

(i) When the 

| are known, 


. (i) When the volume of oxygen is not kno 
in volume are known. The density of the h 


. (iii) When the volume of O, added is 
tion is known, The density 


la of a gaseous hydro- 
an excess of oxygen, 
The successive contraction 


volume of O, added and contractions in volume 


wn, but contractions 
ydrocarbon is not given. 


S not known. First contrace 
of the gas is given, 


Solved Problems 


12. 5ml of a gas co. 
mixed with 30 ml of O 


ntaining Carbon and Hydrogen only were 
discharge, "After exp. 


xygen and the mixture subjected to electric 
losion the yolume was 25ml. On treatment 
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with conc. KOH solution the volume was reduced to 15 ml. The 
remaining gas was pure oxygen. Find the molecular formula of 
the hydrocarbon. (All volumes are measured at N.T.P.) (1.1.T. 1979) 


Solution : The gas is a hydrocarbon. 
Volume of the hydrocarbon=5 ml 
Volume of O, added=30 ml 
Volume of the mixture after explosion=25 ml 
Volume of gas absorbed by KOH = Volume of CO, 
=25-—15=10 ml 
Volume of unused- O,—15 ml 

at Volume of O4 consumed = 30—15=15 ml 

Let the formula of the Hydrocarbon be CzHy. 

It will react with oxygen as follows : 

CzHy +(x-+-y/4) Oz>xCO;+y/2 H,O 
1ml ` (x+y /4) mlb xml 
5ml 5(x+y/4) ml 5x ml 
Volume of CO, formed=5x ml 
ee 5x=10; or $=? 
Volume of O, used =5(x+/4), 

Zu 5(x-+y/4)=15; or x+3/4=3 

or 2+y/4=3; or y/4=1; .Or y=4 

1:6. Molecular formula of Hydrocarbon is C;H,. 

13. 20 ml of a gaseous Hydrocarbon were exploded with excess 
of oxygen and cooled. There was a contraction of 40 ml. On 
treatment with KOH there was a further contraction of 40 ml. What 
was the Hydrocarbon ? 


Solution : Volume of Hydrocarbon —20 ml 
First contraction — 40 ml 
Second contraction — 40 ml 
Let the formula of the Hydrocarbon be CzH,. 
Now, CzHy +(x 4- y[/4)05 7 xCOs -y|2. H4O 
1ml (x+y/4)ml xml 
mm 20 ml 20(x+y/4) ml 20x ml 
"Volume of CO;-— Second contraction 


=40 ml; .. 20x=40, or xa t= 2, 


Now, Volume of Hydrocarbon+ Volume of O, used 4 
— First contraction-+-Second contraction 


or 20+ Volume of O, used =40 + 40 
or Volume of O; used — 60 ml. 
20(x-Fy/4)—60; or  20(2+y/4)=60 
or 2+y/4=3; or y/4=1; or y=4. 
Molecular formula of the Hydrocarbon is C;H,. 


14. 20 ml of a gaseous Hydrocarbon are exploded with Oxygen 
avoiding excess. On cooling the volume contracts by 60 ml. The 
density of the Hydrocarbon is 22. Find the formula. 
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ion : F(x4 2>xCO;+y/2 HO 
Solution: CzHy-r(x--y[4)0s7 xCO; Aa. 
Volume of O, used up to combine with H, only ze 220. 
e of H, present in 20 ml Hydrocarbon — 80 ml 
RA of CzHy contains 4 vol cf hydrogen 
or tm molecule of CzHy contains 47 molecules of hydrogen 
or 1 molecule of C,H, contains 8 atoms of hydrogen 


Formula is CzH 3. ~. Formula wt. —12x--8 
Molecular weight —2 x 22— 44; va 12x+8=44 
or 12x —44— 8 — 36; Or x=3, 


-. Formula of Hydrocarbon is C;H;. 


15. 20 ml of Hydrocarbon C,H, are exploded with 200 mI of 
Oxygen. After cooling, the residual gas occupied 190 ml. On treat- 
ment with caustic potash the volume was reduced by 40 ml. Find 
the value ofxandy. Give the I. U. P. A. C. name of the Hydro- 
carbon. f 

lation : Volume of the Hydrocarbon —20 ml 

Ss Volume of Oxygen added =200 ml 


Total volume before epplosion=(20 +-200) ml=220 ml. 
ume after explosion=190 m 
pU First eghtraction = (220— 190) 230 ml. 
Second contraction —40 ml. 
Czy (x--y[4)0,  xCOs--y[2. H,O 
20ml 20(x-+y/4) ml. 20x ml 
Second contraction — Volume of CO, formed. 
S 40 =20x; áy GNE 
Volume of Hydrocarbon-- Volume of O used 
— First contraction+ Second contraction 
20 + volume of O, used — 30 +40 
or volume of O, used —(30--40)—20— 50 ml 
le,  20(x+y/4)=50; or 202 +y/4)=50 
or 40--5y — 50; or zm 
z. Formula of Hydrocarbon is C,H. 
I. U. P. A. C. name : Ethyne 


16. 500 ml of a gaseous Hydrocarbon burnt in excess of Oxygen 
gave 2500 ml.of Carbon dioxide and 3 li 
volume being measured at the same temperature and pressure, What 
is the formula of.the Hydrocarbon ? 


Solution : Let the formula of the Hydrocarbon be CzHy. 
CH, + O+9/4)O,—> xCO, + y/2 H;0 


mole (x-y/4) mole x mole y|2 mole 
500 ml 500(x-++y/4) ml 500x ml 500X y/2 ml 
Thus, volume of CO, formed = 500% ml 
^ 500x=2500: or x=5 


Volume of Water-vapour formed =500xy/2 ml 
300% y[2 = 3000; or =12 


y=12. 
-. Formula of the Hydrocarbon is CH. 
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Questions 


Long Answer Type : 


1. What is the difference between an empirical formula anda molecular 
formula ? 

2. How would you deduce the empirical formula from the percentage com- 
position of the compound ? 


Short Answer Type : 


1. What is a simple formula ? 

2. What do you mean by a molecular formula ? 

3. What is eudiometry ? 

4. Which products are obtained when a hydrocarbon is burnt in air ? Give 
a general equation. 


Problems : 

1. Calculate the simplest empirical formulae for the substances with the 
following analyses by weight : 

(a) 75:00% C, 25:00% H- 

(b 625% H, 437595 N, 500% O. 

2. The percentage composition of a compound is found to be the following : 

C=40%, H=664% and O=53'33%. 

Find the empirical formula of the compound. 

3. The percentage composition of an acid is the following : 

H=204%, S=32'65% and O=65°31%. 

The molecular weight of the acid is 98. Find the molecularformula of the 
acid. ) 

4. How much ethyl alcohol could be produced by the fermentation of 1:00 
kg of sugar by the reaction 

C,H,,0,—2C.H,OH-4-2CO, ? 

,5. What weight of N, will be required to produce 34:0 g of NH, by the 
reaction N,+3H,=2NH, ? (Ans. 28:0 g Na) 
6. What weight of KZ is needed to produce 20:00 g of J, by the reaction 

5KI+KIO,+6HNO,—>6KNO,+31,4+3H,0? (Ans. 10°9 glKI) 

7. A mixture of NaC/ and NaBr is dissolved in water and treated with 
AgNO, to give a precipitate of AgCland AgBr. After filtration and drying the 
mixture of AgC/ and AgBr is found to weigh 9:00 g. The mixture is heated in | 
a stream of C/; giving the reaction 

2AgBr -- Cl—2A8CI-- Br. 

The solid then weighs 8:00 g. What was the weight of NaBr in the original 
mixture ? 

8. A mixture of sodium bicarbonate (NaHCO,) and sodium carbonate 
decahydrate (Na,CO,. 10H,O) is heated forming sodium carbonate (Na,CO,) from 
both compounds. The reactions are : nt 

Na,CO, 10H,0-—Na,CO;-10H,0 pm 
2NaHCO,—>Na.CO;+ H,O-- CO; 
R I 1100 g of dry CO, are formed and the total veient [os 8 Coane HO 
rom the mixture is 4:000 the original weight of Na ; ~ 
& what was the original we 5:64 g NaCO: 107,0) ^ 

9. Chlorine may be prepared by oxidatioa of the chlorideion by MnO, in 

the reaction 
MnO,-+-4HCI->MnCl,+2H20 + Cl. 


INTR. CH.-11 
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What is the maximum volume of chlorine at N.T.P. that can be obtained 


from 100 g of MnO, ? (Ans. 25°8 litres) 
10. What volume of oxygen collected at N.T.P. is given one heane 1 es 
1 i ns. 0° i 
mercuric oxide ? 
11. How much H,SO, is required to decompose 100 g of chalk and how much 
calcium sulphate will we produced ? (Ans. 98g; 136g) 
12. Calculate the weight of iro n converted into oxide by the action of 18 g of 
steam. (Ans, 42 g) 


las of copper is displaced from a solution of copper sulphate in water 
by vos. Se the weight of ferrous sulphate formed (Cu-63:5). (Ans. 3:351 g) 
14. Calculate the weight of pyrolusite containing 80% MnO, which must 
react with HCI to obtain as much chlorine as to completely combine with H, 
evolved by the action of dil. HC/ on 10 g of Magnesium (Mn=55). 


(Ans. 45'312 g) 


15. A quantity of a mixture of KI and NaC! converted into the normal sul- 


is found to weigh the same as the original salts. Find the composition of 
eee (Ans. K1— 30:98; NaC!= 69:02) 
16. 0'6 g of a sample of sodium chloride when treated with AgNO, solution 
gave 137 g AgCI. Calculate the percentage of purity of sample of sodium 


chloride, i (Ans, 93:19) 

te the amount of calcium carbonate which must be decomposed 
by adi e as much CO, as would suffice to convert 30 E Of caustic soda 
into sodium carbonate. (Ans. 375g) 


ixture of KCI and KI was dissolved in water and treated with 
Agno: ie hata The precipitate was TAES 2s wtih pels P Copt the 
in t! ixture. =39, =35'5, I= /g—10; 
percentage of each in the mix [( (a. kesy re LU 
: 45g ofa mixture of NaHCO, and Na,CO, was heated Strongly to give a 
cootra e of residue. The weight of the residue was 4'105 E. Calculate the 
percentage composition of the mixture. 


- l'84g of a mixture of CaCO, and MgCO, were heated till the final 
lane ddp eie The residue was found to weigh 0:96 g. Find the weight 
of boththe salts in the mixture, (Ans. CaCO;—1 8, MgCO,—0:84 g) 

21. A mixture of FeO and Fe,0, on being heated in air toa constant weight 
was found to be increased in weight by 5%. Find the composition of the original 
mixture. (LI. T. 1978) (Ans. FeO—202 o; Fe,0,=79'8%) 

22. What weight of ammonium chloride would be required to Prepare 10 
litres of ammonia at N. T. P. ? (Bhag. U. 1974A) (Ans. 23:88 g) 

23. 70 g of Bromine are dissolved in water. What volume of H,S at 15°C i. 
required to convert it into HBr ? (Ans. 10:33 litres) 


24. You are given a balloon with a capacity of 10* Itre and you wish to fil] it 
with Hydrogen at 30°C and 750 mm pressure. How much iron would you require 
for the purpose ? 


(Ans, 222283 g) 

25. 10 g of a mixture of iron Sulphide and iron were treated with dilute su]. 
phuric acid when 3:36 litres of the Tesulting mixed gases were obtained at N. T. P. 
Find the percentage composition of the mixture. (Fe=56, S=32). (R. U. 1969A) 


(Ans. FeS=62%, Fe=38%) 
26. 5:08 g of Iodine suspended in water is treated slowly with 


g : 460 ml of 7,5 
at N.T.P. Find the weight of sulphur liberated. (I= 127, S=32) (R. U. 1973 À) 


obtain: (I. I. T. Entrance Exam.) [Ans. (a) 16:37g, (5) 27-28g] 
28. 1g of a sample of KCIO, is heated in such a way that a part of it decom- 
poses according to equation (i and the remaining portion decomposes according 
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to equation (ii). 


2KCIO,—-2KCI +30., e AA G) 

4KCIO;>3KCIO,+KCI ws (ii) 

If the volume of oxygen evolved at N.T-P. is 146'8 ml, calculate the percentage 
weight of KCIO, in the residue. (I. I. T. 1977) 


29. What volume of chlorine at 12°C and 780 mm pressure: will be obtained 
when 110 g of Manganese dioxide react with conc. HCI ? If the acid contains 38% 
HCl and has a specific gravity of 1:2, what volume of it will then bs required ? 
(Mn=55, CI —35:5, O=16) (Ans. 28:8 litres; 404:8 ml) 

30. What volume of CO, at N.T.P. will be obtained by the action of 10 litres 
of HCl (sp. gr. 1°16) containing 30% of the acid by weight on 50 kg of Na,CO, ? 

(Ans. 1067-8 litres at N.T.P.) 

31. 100 ml of Carbon monoxide are mixed with 40 ml of Oxygen and exploded 
If the resulting mixture is shaken with Caustic potash, what volume of the gas will 
remain and what gas will it be ? (Ans. 20 ml of CO) 

32 10mlof a mixture of N, and O, were mixed with 20 ml of H, and the 
mixture was exploded. The volume after explosion was found to be 21 ml (measu- 
red at the initial temperature and pressure). Calculate the volume percentage of 
the mixture. (Ans. 0,=30%, N.— 7094) 

33. 20 ml of an equimolecular mixture of Methane and a gaseous compound of 
Acetylene series were mixed with 100 ml of Oxygen and exploded. The volume of 
the product after cooling to original room temperature and pressure was 80 ml, 
and on treatment with Potash solution a further contraction of 40 ml was observed. 
Calculate the molecular formula of the Hydrocarbon. (Ans. C,H,) 

34. 20 ml of a mixture of CH, and H, is mixed with 30 ml Oxygen and 
exploded. On cooling the volume becomes 15 ml, and on treatment with KOH 
the volume becomes 5 ml, all measured at N.T.P. What weight of each gas did 
the original mixture contain ? 

Solution: Let the volume of CH,—x ml 
.. Vol. of H, =(20— x) ml 
Volume of O, left unused—5 ml 

-. Volume of O, used up =30—5=25 ml 

2H,-- O.->2H,0 

2vol 1vol 

CH, +20, —C0,+2H,0 
lvol 2vol 


"Volume of O, taken up by (20—x) ml H,= ez ml 


Volume of O, taken up by x ml CH,=2x ml 


c 20— 
Bie E2 F 7 
or  x=10 
Vol. of CH, at N.T.P.=10 ml=10 X8 x 0:00009 

=0'0072 g. 
Vol. of H, at N.T.P. —10 ml= 10 Xx 0:00009 
—0:0009 g.] 

35. 10 ml of a gaseous Hydrocarbon wereexploded with 33 ml of oxygen. After 
cooling the volume of the residual gases was 28 ml and on treating with KOH the 
volume decreased to 8 ml. Find the formula of the gas. (Ans. C;H;) 
.. 36. Find the molecular formula of Nitrogen peroxide at 154°C when its density 
is 25, given that 25 ml of the gas passed over heated copper gave 125 ml of 
Nitrogen. (Ans. NO,) 

37. A mixture of 5 ml of H,, 5 ml of CH, and 15ml of oxygen is fired. Find 
the volume and composition of the residual gas. (Ans. O,=2'5 ml, CO,—5 ml) 


X —25 
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Objective Questions : 


(A) Select correct answer from each of the following questions : 
1. The weight of 50% solution of HCl required to react with 100g of CaCO, 


ll be 
(a) 73 g (b) 100 g (c) 146 g (d) 200 g. (A. I. I. M. S. 1972» 
2. 20 ml of carbon monoxide is burnt with 15 ml of oxygen. The volume of 
the residual oxygen will be (a) 35 ml (b) 5 ml (c) 10 ml (d) 20 ml. 
3. 12g of Magnesium is dissolved in excess of dil. H,SO,. T 
Hydrogen evolved at N.T.P. is Ey A UA 
(a) an (b) 448 rum DIES litres (d) 1 ml. 
4. The weight of iron required to be converted into Fe,0, by 18 ill 
be () 56 g (b) 168 g (c) 42 g (d) 18 g. 30; by 18 g of steam will 
5. 1 mole of HCI is added to 2 moles of AgNO, i ter. 
Br ecinitated aillte; NO, in water. The amount of AgCr 
(a) 1 mole (b) 2 moles (c) 0°5 mole (d) 3 moles. 


6. The amount of CO, required to convert 1 moli 
be (a) 1 mole (b) 0:5 mole (c) 2 moles (d) 3 ae Seiya Macon would 
7. 18 g of water is electrolysed. Weight of Oxygen obtained would be 
(a) 8 g (b) 16 g (c) 32 g (d) 4 g. 
8. The weight of Zn and H,SO, needed to form H. 
of CuO (M79) is 250, rm H, to reduce completely 24.2 
(a) 19:5 g of Zn and 297 g of H,SO, 
(b) 207 g of Zn and 40 g of H,SO, 
(c) 19:7 g of Zn and 347 g of H,SO 
(d) 297 g of Zn and 297 g of H,SO,. 
9. 50g of limestone are heated. Volume of CO, evolved at N.T.P. is 
(a) 11:2 litres (b) 224 litres (c) 5*6 litres (d) 2:8 litres. 
10. The amount of NH,CI required to yield 22:4 litres of NH, at N.T.P. will be- 
(a) 53:5 g (b) 107 g (c) 2675 g (d) 40-0 g. 
11. Hydrogen is made to react with CuO to for , 
amount of hydrogen is required to produce 0:2 gm of Cub end! waters | What 
(a) 0°6299 x 10-* gm (b) 6:2995«10-? gm (c) 62:99 x 10-2 gm (d) 629- 
12. How much iron can be theoritically otained by reducing 1 5 s UM 
(a) 699-3 gm (b) 69:93 gm (c) 6:993 gm (d) 0:699gm. i Ti 


(Poone 1974) 


Ooo 


CHAPTER 8 


PROPERTIES OF GASES 


Matter is known to exist in three states—Solid, Liquid and Gas. 

Solid—A substance is said to be a solid if it melts above the 
room temperature under the atmospheric pressure. 

A solid has a definite shape and volume. 

Liquid—A substance is said to be in the liquid state when it 
freezes below the room temperature under atmospheric pressure. 

The molecules in a liquid are not rigidly fixed. The forces of 
attraction holding the molecules are not so strong as in solids. 
Hence, a liquid has no definite shape. 

The molecular forces are, however, strong enough to prevent 
their separation from one another. Hence, a liquid has a definite 
volume. 

Gas—A substance is said to be in the gaseous state when it boils 
below the room temperature under atmospheric pressure. 

The molecular forces of attraction in a gas are very much 
weaker. Hence, there are large inter-molecular voids. Therefore, 
the molecules of a gas can have translational, rotational and 
vibrational motions. The density of a gas is, therefore, low and its 
compressibility is high. 

i A gas has no bounding surface. Hence, it has neither a definite 
Tshape nor a definite volume. 


The Gas Laws : 


1. Boyle's Law—The law can be stated as follows : 
‘The volume of a definite mass of a gas is inversely proportional 
to its pressure, at a constant temperature. 


Thus, P,oc MUR at a constant temperature 
1 


V, 
OF P= $ , where K is the constant of proportionality 
x 
or PW, =K. 


Similarly, if the pressure (P,) of the gas changes to P, when the 
corresponding volume of the gas becomes Va at the same tempera- 
ture, then, 
P.V2=K 
<. P,V,=P2:V.=constant 
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Boyle's Law may now also be expressed as : 

The product of pressure and volume of a definite mass of a gas, at 
a fixed temperature, is a constant. 

A plot of P versus PV, at a given temperature, is a straight line 
parallel to the P-axis (see fig. below). 


p 


Similarly, a plot of P versus V, at a given t i 
rectangular hyperbola (see fig. below). Tul sREN A 


Relation between the Pressure and the Density of " 

temperature : Y of a gas, at a given 
P\V1=P2V 2, T being constant. 

Let the mass of the gas be M gram. If the densities ofi 

ti ofi 

at pressures P, and P, are D, and D, respectively, then, . fi the gas 


M : M 
V,-——, and V,— 5 
Di ia : Dg 


According to Boyle's law, PV, — PV. 
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M 
BC TA po ASNI E 
i.e. P =constant; or Po D 
, D i 


Thus, | ata given temperature, the pressure of a definite mass of 
a gas is directly proportional to its density. 


2. Charles’ Law— This law may be stated as follows : 
iven mass of a gas, ata constant pressure, the volume is 


Forag 

directly proportional to the absolute temperature. 
i.e., VocT (at constant pressure) 
or V — KT, where K is a constant. 


Ata constant pressure, if 
the volumes of a given mass of 
agasare plotted against the 
corresponding absolute tem- 
peratures, the curves obtained 
should be straight lines. 
Such curves are known as 
isobars. 

At V=0, T is found to 
be —273:16?C. This tempera- Vre aes 
ture is called absolute zero. 


Absolute Scale of Temperature 


T (Abs) —> . 


(Kelvin Temperature) 


Charles’ Law may also be stated as follows : 

The volume of a given mass of a gas increases or decreases by 
1/273 of its volume at 0°C for every increase or decrease in tem- 
perature of 1°C, at a constant pressure. 

Thus, 1 ml ofa gas at 0°C becomes (1+ 535) ml at 1°C 

1 ml of a gas at 0°C becomes (1+-53) ml at 2°C 
1 ml of a gas at 0°C becomes (1+ 525) ml at SG 


1 ml of a gas at 0°C becomes (: + 235) ml at t°C 


Similarly, 1 ml of a gas at 0°C becomes (1— 545) ml at —1°C 

1 ml of a gas at 0°C becomes (1— 525) ml at —59€ 

1 ml of a gas at 0°C becomes (1—-37$) ml at —273°C 
Tess 1 ml of a gas at 0°C becomes zero at =273°C 


Thus, we see that the volume of a gas at —273°C vanishes. But 
nobody has as yet studied the volume of a gas to —273°C, All gases 
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become liquid before reaching this temperature. This temperature 
has, therefore, been adopted as the reference point in temperature- 
measurements and is called the Absolute Zero. 
Thus, 0°C becomes 273° on absolute scale. 
100°C becomes (273 + 100) —373? on absolute scale 
1.e., t°C — (2734: t? or T? on absolute scale. 


Temp. on the absolute scale is now generally written as TK 
(where, K indicates Kelvin). 


3. Avogadro's hypothesis 


Equal volumes of all gases (elementary or Compound) under the 


same conditions of temperature and pressure contain the same number 
of molecules. 


Merits of Avogadro's hypothesis—(i) The birth of Avogadro's 
hypothesis led to the development of Dalton's atomic theory, 


(ii) It opened up a new avenue for the deter 
weight, 


(iii) It is true that this hypothesis cannot be verified by experi- 
ments, but it is also true that results obtained on this basis have 
always been found to be correct, 

(iv) It for the first time made 
molecules. 


& r DEUS UM Gay Lussac's Law of gaseous volumes, 
VI) Besides these achievements, Avogadro’s h othesis 
following important deductions : á JP orkes Teto tlie 


Deductions—(A) The molecules of Hyd i 
Nitrogen and Fluorine are diatomic. Manase, VU 
(B) The molecular Weight of any Bas is twice its density. 


. (C) The gram-molecular volume of all 
Rar conditions of temperature and 
PISE: 


mination of molecular 


the distinction between atoms and 


gases is the same under 
pressure and is 22:4 litre at 
(D) It gave a method for the d inati 
formula of a gas from its volumetric compos i Pipe prolecutar 
(E) It provided a method fi m 
REUS or the determination of atomic weights 
4. The Gas Equation (The combined 
: g n gas law)— inati 
of Boyle’s law and Charles law gives an RANA M. oom bination 
rature, pressure and volume of a definite mass of ng the temp 
tion is known as the Equation of State for an ideal pas. Wc nd 
According to Boyle's ] 1 ; 
g y aw, Vets when T is constant. 


According to Charles? law, VaT, wh SP is Const 
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Combining Boyle’s and Charles’ laws we get, 
V eT, when T and P both vary; or AX. =constant. 


If the sam» number of moles of any gas at a given temperature 
and pressure is considered, the value of the constant will be the 
same, because equal number of molecules of different gases occupies 
the same volume under similar conditions of temperature and 
pressure. Thus, the constant is independent of the nature of the 
gas. 


For 1 mole of a gas, T — universal constant (R), i.e., 


PV 
LU =R; or PV=RT. 
= T 


Here, V — volume occupied by 1 mole of gas at temperature T 
and pressure P. 


Units of R : 


(i) For one mole of gas, PV — RT. 


PV 
IRÉS 
T. 
At N.T.P. (0°C and 1 atmospheric pressure), 
1 mole of gas occupies 22:4 litres. Hence, 


Re 1x224 — 008205 litre-atm. deg-1 mol-!; 


(ii) In C.G.S. unit : 
P-—1:01325x 105 dyne cm-? 
V —22,400 ml 
T2273 K 


3 RE PV _ 1:01325x 105 dyne cm? x 22,400 cm? 


T 1*0 mole x 273 K 
=8°31 x10? dyne cm K mole 
=8°31 x10? erg K-* mole (dyne x cm=erg). 
ts 107 ergs=1 joule, 
- R=8'31 joule K mole? ' 
= 1-988 cal K- mole (4:18 joule —1 cal.) 


Calculation of Molecular mass : 


Let the volume of a gas be v and suppose it contains m moles. 
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Then, Eu 
n 


Putting this value of V in equation, PV — RT, we get 
Px Z =RT; or P,=nRT. 


Suppose, m= mass of the gas 
M=Molecular mass 


: _m go pul 
d Py=—_.RT (> n 2) 
m PM 
os DER 
or, pie (P — density of the gas). 


So, if the density of a Basat a given temperature and pressure 
is known, the molecular mass of the gas can be calculated. 


5. Gay-Lussac Law of Gaseous Volumes : According to this law, 
the volumes of gases, measured at the same temperature and pressure, 


taking part in a chemical reaction, are in the ratios of small whole 
numbers, 


Thus, ] volume of H, and 1 volume of Cl, combine to give 2 
volumes of HCI. 
H4 Cl-2HCl 


6. Dalton's Law of Partial Pressures : This law may be stated 
as— 


When two or more gases, which do not react chemically with one 
another, are present in a definite volume, then, at a 


y the gaseous mixture is equal to 
the sum of the partial pressures which each gas i 
left alone to occupy the same total volume, 


Consider the gases 4, B and C taken separately ina V litre flask 


at temperature T. Let P4, Ps and Py be the partial pressures of 4, B 


and C respectively. If these gases are now forced into another p 
litre flask at the same temperature, then 


P=P, +P; +P. (i) 
where, P is the the total pressure of the gaseous mixture, 
RT 
Now, P= nm- . 
RT 
Ps ng z and Po — ro y- 
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ch P-ny FT ens At Tc = 
R RT 
=(n; nsns) = E 
where n (n, --na-- nc). 
RT _P 


; V n 
Thus, Pa= 2 P= (= P and Pe= 632 
n n n 


7. Graham's Law of Gaseous Diffusion: Two or more gases, 
which.do not react chemically, when brought in direct contact, they 
have a natural tendency to get mixed up with one another. This. 
tendency of gases is known as diffusion. Regarding the diffusion of 
various gases, Graham propounded a Jaw which is stated as, 

Under the similar conditions of pressure and temperature, the 
rates of diffusion of two gases are inversely proportional to the square 
root of their densities or the molecular masses. 

Let D, and Ds be the densities of two gases A and B, and M , and! 
My be their molecular masses respectively. Then, according to 
Graham's Law, we have 


Tae Ds vs I2Dg _ Mz 


Ty Di m 2D, My 

where ra and rs are the rates of diffusion of A and B respectively. ` 

Thus, the gases with high molecular mass will diffuse slowly, and: 
the gases with low molecular weight will diffuse rapidly. In other words, 
the heavier gases will diffuse slowly and lighter gases will diffuse: 
rapidly. 

Rate of diffusion : The volume of a gas diffusing through a porous: 
pot per unit time is known as the rate of diffusion of the gas. 

Let V litre be the volume diffused in t second. Then, 


rate of diffusion= F titre sect, 


Experiment to demonstrate that lighter gases diffuse faster than the 
heavier gases : 

The outline of the apparatus used is drawnin the fig. given 

on page 172. The porous pot A contains air. A jar B, filled 
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with the hydrogen gas, is inverted 
over the porous pot. A U-tube connec- 
ted to the porous pot is filled with 
rj some coloured water. It is found that 
i. t Porous pot the level of coloured water in the U- 
tube starts moving up. After some 
time, a fountain of coloured water is 
: Seen coming out through the jet of 

.the U-tube. 

Hydrogen is lighter than air. So, 
it diffuses into the porous pot more 
rapidly. Air being à heavier gas Sm. 
Uses out of the. porous pot slowly. 
BIG Thus, in a given time, more hydrogen 

E enters the porous pot than the air 
coming out of it. The pressure of the 
gas inside the porous pot, thus, incre- 
ases and hence the level of coloured 
water in the U-tube starts rising, 


If hydrogen gas is replaced by carbon dioxide, which is heavier 
than air, it is found that the level of coloured water in the U-tube 
Starts receding. This is because air diffuses out of the Porous pot 
‘More rapidly than carbon dioxide diffusing into the pot. 

The Kinetic Theory of Gases : The kinetic theory of gas first 
Proposed by Bernoulli (1738) and latter developed by Clausius, 

Maxwell and Boltzmann gives a theoretical explanation of the 
Properties of ideal gases. The theory is based on the following 
assumptions— i. y 

(i) Every gas is composed of a large numbe 
‘small particles, called molecules. All the molecu 
gas are identical. 

(ii) The molecules of à Bas contained in a vesse] are ina state of 
"of constant chaotic motion in all possible directions, They move in 

~ straight lines. Collisions with each other and the walls of the con- 
taining vessel cause a change in the direction of motion, 

(iii) The collisions between the molecules are perfectly elastic, 
and hence, there is no loss of kinetic energy or momentum on 
impact. 

(iv) There is no attractive forces between the molecu 
‘the molecules move quite independently of each other. 


(v) The actual volume of the molecules is negligible compared to 
the total volume occupied by the gas. 


(vi) The pressure exerted by a gas is due to the 
molecules with the walls of the containing vessel. 


.. (vii) The absolute temperature of a gas is a measure of average 


inetic energy of all the molecules of the gas and is directly propor- 
tional to it. 


2 gas 


, r of exceedingly 
les of a particular 


les, and so 


Collisions of 
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(viii) The effect of gravity on the motion of molecules in a gas. 
is negligible. 

Normal Temperature and Pressure (N.T.P.): The standard values. 
universally accepted are 0°C (or 273 K) and the pressure of the. 
atmosphere equal to 760mm of mercury-column. These standard 
conditions are referred to as Normal Temperature and Pressure 


(N.T.P.). 
Solved Numerical Problems 
Problems based on Boyle's and Charles' Laws : 


1. Calculate the number of moles of hydrogen present in 
18 litres of gas at a pressure of 70cm of mercury and at 27°C 


temperature. 
Solution : PV =nRT 
ARE 
n= RT: 
Here, atmosphere. 


P-i$ 

V = 18 litres 
T=273+27=300 K. 

R=0:082 litre atmosphere. 

PV 70x18 n 
n—-Rr—78xüoix3oo - 574 moles. 


2. The volume of a gas is 200 ml under a pressure of 2 atmos« 
pheres. How many atmospheres of pressure must be applied to. 
reduce the volume to 50 ml, at the same temperature ? 

Solution : Initial volume —200 ml = V; 

Initial pressure —2 atm. =P, 
Final volume=50 ml=V2. 
Let the final atmospheric pressure be Ps. 
Then, *. PV i=PVo (T being the same) 
e 2x 200= PX 50 


oh Pre 2x0- 8 atmospheres. 


3 Calculate the density of ammonia at a temperature of 30°C 
and 5 atmospheric pressure- (LI.T 1978). 
Solution : Volume of 1 mole of ammonia at N.T.P.—224 litres 

Suppose, the volume of ammonia at 30°C (or 303 K) and 5 atm 
pressure is V5. D 
According to the Gas Law, 


PWr | PVs 
Tı Te 
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LORE ae 


273 303 

ety. PSB eg] litres 

p Density of ammonia — VERENA _ 
5 a = 3:42 g[litrei 


4. The pressure of a gas is 2:5 atmospheres at 27°C, Mass and 
. volume of the gas remaining constant, calculate its temperature 
when pressure becomes 2:6 atmospheres. 
Solution : P,—2:5 atmospheres, 
7T1—2734-27—300 K, 
P3—2:6 atmospheres, 
2-1 
ay DAE j in 
A n R’ 5 Vi-Vs 


SED Pi. Ps. 25 26 
TEES "TAG pem T vigo DT 


or T,-26300 _ 31 K. 


Temperature in centigrade = 312-273 = 39°C, 
5. The density of Oxygen is 16 and t 


hat of Nit 4 at 0° 
and 760 mm pressure. At peat DUC 


I : what temperature will Oxygen have the 
same density as Nitrogen at 0°C, assuming that the pressure remains 
constant ? 

Solution : The density of the gas varies inversely as the absolute 
temperature. 


The density of Oxygen at 0°C or 273 K — 16. 


Let the temperature at which the density of Oxygen will 
become 14 be T. 


dor EN 16x273 =312 K - (312-2739C — 39*C. 


5. Calculate the volume of one mole of Oxygen at 27°C and 2 
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atmospheric pressure. Molar volume of Oxygen at N. T. P. is 
2274 litres. (1. I. T. Entrance Exam.) 
Solution : The volume of 1 mole of O, at N. T. P. —2244 litres. 
Normal temp. =0°C=273 K 
Normal pressure — 760 mm. 
Let the required volume be V litre. 


2xV _ 1x224 
Q73427) 073 


— 22°4X300 15.5 Ji 

or E TODO 1253 litres. 

7. Air weighs 1:29 g/litre at standard conditions. Calculate the 
density of air at a place where the pressure is 450 mm Hg and the 
temperature 17?C. 

Solution : Volume of air— 1 litre 

Temperature =0°C=273 K 
Pressure = 760 mm. 

Let us calculate the volume at 17°C (or 290 K) and 450 mm 

pressure. According to the gas equation, 


760x1. Vx 450 


~ 273 290 


— 290 x 760 nirai: i 
or V = 573x450 litre = 1:794 litre. 


Now, *.. weight of 17794 litre air is 1:29 g, 


d A ze 1:29 
eight of 1 lit L0 
weight o: itre air is 1794 È 0:719 g 
i.e. required density =0°719 g/litre. 
8. What weight of Nitrogen at 10°C and 566 mm pressure shall 
occupy a volume of 380 ml ? 
Solution : Volume of Nitrogen — 380 ml 
Temperature = 10°C =(273+10) K 2283 K 
Pressure — 566 mm. 
Let the volume of the gas at N. T. P. be V ml. 
760xV _ 566x380 


273 283 


_ 566x380 273 f 
Cr [ze t; n d 
760 x 283 273 ml — 0273 litre 


22:4 litres of Na at N. T. P. weigh 28 g, 
| ; 28 x 0:273 =0°3412 
s 0273 4, x dde apg E te g: 
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9. 2:70 litres of a gas weighed 1:518 g at 87°C and 0'6 atmosphere 
pressure. Calculate the molecular weight of the gas. 
Solution : Volume of the gas— 2:70 litres, ' Temp. —87?C 2360 K 
Pressure = 0:6 atmosphere. 
Let the volume at N. T. P. be V litre. Then 
2:77x06  Vxl 
360 213 


y -21x 06x 273 
360 


"v 12285 litre of gas at N. T. P weigh 1:518 g 


or = 1:2285 litre. 


224 litres ,, 22'4 x 1'518 


1:2285 
=27°67 g. 
10. An open vessel is: heated at 27°C till $ part of its air is 


expelled. If the volume of the vessel remains constant, calculate the 
temperature to which the vessel has been heated. (I. I. T. 1977), 


Solution : As the vessel is open, pressure will remain constant 
Volume also is constant. si 


Now, PV=n,RT, and PV=n2RT, 


2 » 


n,0RT,—-n4RT,; or uL 


ur p 
Let n, be equal to 1. Hence, m —1 -i-22 
1x5_ Taste 3 OP Eo 
2 (2134-27) ° 2 300 


OMS Laun 750 K=750—273=477°C, 


11. At what temperature will a given 
double itself, pressure remaining constant ? 


Solution : Let the volume of the gas be V ml. 
Initial temperature of the gas=0°C=273 K. 


Let the temperature at which the volume is double 
pressure is constant, 


volume of a gas at 0°C 


dbe TK. As. 


ERES 
3 T 
Or T=2X 273 =546 K=546—273=273°C.. 


PROPERTIES OF GASES 177 


Problems based on Dalton’s Law of partial pressure : 
12. The total pressure exerted by a mixture of two'gases A and 


Bis 762 cm. The number of moles of the two gases are 0:0075 and 
0:0040 respectively. | Calculate the partial pressures of the two 
gases. 
Solution : n4, 0:0075, and 75 —0:0040 
S n=Ng+ny=0°0075 4-0:0040 = 0:0115 


Now, partial pressure of A, r= (ie 


_0 0075 “2 =49- 
= 0115 X76°2=49°7 cm of Hg 


Partial pressure of B, P5 —P— P, 
—76:2—49-7—26:5 cm of Hg. 


Problems based on Graham's Law of diffusion : 


13. The rates of diffusion of carbon dioxide and ozone are 0:29 
and 0:274 respectively. The relative density of carbon dioxide is 
22 (H=1). What is the relative density of ozone ? 


(M. U. 1978A) 
Solution : From Graham’s law, we have, 


nl ws Ds 
F2 Dı 
By the question, 74—0:29, r,—0:274 
Di=22 , D,22 
0:20 9 Du, 
0274 20. MN AS 


029x029 D, 
0274x0274 22 


0:29x0:29x22 
IUSTI HAT ANE = OA: 
on — Do yuxozm 46 
14. In àn experiment, it was found that 500 mlof a gas"A 


diffused through a hole into a vacuum in the same time as 620 mil 
of air. Calculate the density of A relative to air. 


Solution : According to Graham’s law, 
/ Density of A _ Rate of diffusion of air (71) 
Density of air Rate of diffusion of 4 (r3) 
ri _ 620/t e. 
n sor (time 


INTR. CH.-12 
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Density of A 620 
"a Density of air = 500 


Density of A _ 620x620 — 
Density of air 500x500 


Density of A relative to air=1°54 


15. A straight glass tube has two holes X and Y at its two ends. 
The tube is 200 cm long. HCI and NH, gases are allowed to pass 
through the tube simultaneously through X and ,Y respectively. 
White fumes appeares at point P inside the tube. Find the distance 

. between P and X. 


or, 1:54 


(I. I. T. 1980) 
Solution : 
«e--X--—P---200-X-9 
Hee Ee NH, 
PN Ce 
4-7---200 cm =--> 


Molecular mass of HCl —1--35:5— 36:5 
Molecular mass of NH4—1443x1—17 


Rate of diffusion of HC] — / 17 
Rate of diffusion of NH; 36:5 


. Let the distance: between P and X be x. Hence, the distance bet- 
| ween P and Y —(200—x) cm. 


Rate of diffusion of HCI Wh ete) 
Rate of diffusion of NH, 200—x 


x mE 
300 -x7 of a5 =0°6824 
or X —0:6824(200 — x); or x + 0°6824x — 0:6824 x 200 


: PETS BEIGNM 
or 1°6824x = 13648; or £7 i654 9l 12 cm. 


16. One litre each of Nitrogen and Hydro 
0:09 g respectively. Calculate the volume of 
diffuse through a porous membrane of 3 s 
in the same time as 100 ml of Hydrogen. 


Solution : 1 litre of N, weighs 1-25 g. 

` 224litre of N, will weigh 1:25x 22:4 g=28 g 
.. Molecular weight of Nitrogen 28. 
Similarly, 1 litre of H, weighs 0:09 g. 

-. 224 litre of H, will weigh 0°09 22:4 g=2 g 


gen weigh 1'25 g. and 
Nitrogen which would 
quare centimetres in area 
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-. Molecular weight of Hydrogen —2 
Volume of Hydrogen diffused — 100 ml 
Let the time required for diffusion of H, be t sec. 


-. Rate of diffusion, r,— 100 


Let the volume of Nitrogen that diffuses in the same time be 
V iml: 
-. Rate of diffusion, re=V/t. 


ri. 100/f.— 100. gc ri /28 


vods VIt V? ren) 2 
ARTT) 9 ER 100x100 28 
eA pa 2) or, aE aay 
2x100x 100 10000 

3 — g = eS 
or y*- ae nag or T2 m 
fe —26:83 ml. 

Questions 


‘Long Answers Type : 


1. State two characteristics of a gaseous state. 

2, What do you mean by the equation of state of a gas ? 

3. State and explain Dalton's law of partial pressure. 

4. Whatis gaseous diffusion ? Describe a simple experiment to show 


‘gaseous diffusion. (R.U. 1973A) 
5. *Lighter gases diffuse more rapidly than heavier gases. Give an experi- 
mental support for this. (Mith.U. 1978A) 


6. Deduce an expression combining Boyle's and Charles’ laws, 
7. Discuss the usefulness of Avogadro’s hypothesis. 
8. What are the main assumptions of the kinetic theory of gases ? 


Short Answer Type : 


1. Enunciate Boyle’s law. 
2. State Charles’ law. 
3. State Graham’s law of gaseous diffusion. 
4. What is the rate of diffusion ? 
5. State Avogadro’s hypothesis. 
. If the t i i i R 
ema DA SUA DS gas in centigrade is doubled, wil! 


[Ans. : Volume will not be doubled, because volume 


À e i 
absolute temperature but not proportional to temperature on cohtistade goat to 


its volume be 


Objective Type : 


" (A) Four answers are given to each question bel. 
is correct. Assign mark *4/* to the correct answers ; emen Only one of them. 
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1. The gas constant (R) in the relation PV =nRT depends on 


(a) pressure of the gas, (b) temperature of the gas, 
(c) unit of temperature, (d) naturc of gas. 


2. The rates of diffusion of two gases X and Y are in the ratio 1: 5 and: 


those of gases Y and Z are in the ratio 1: 6. Hence, the rate of diffusion of Z^ 


relative to Y will be 


1 6 


@ 2, op 0$ @ 30. 
3. The volume of 2 gm moles of Nitrogen at N.T.P. is 
(a) 4458 litres, (b) 22:4 litres, (c) 112 litres. (d) 5*6 litres. 


4. What volume of CO, will diffuse in the same time (under similar condi- 
tions of temperature and pressure) in which 100 ml of N,O diffuse. 

(a) 100 ml, (b) 50 ml, (c) 150 ml, (d) 200 ml. 

5. For a given amount of gas if the pressure is halved and the temperature 
is doubled, the volume 

(a) becomes four times, (b) becomes twice, 

(c) remains the same, (d) becomes half. (N.D.A, Exam. 1980) 

6. A gas occupies 100 cm? at 2 atm. pressure at constant temperature. What 
is the volume occupied by the gas at 1 atm. pressure at the same temperature ? 

(a) 50 cm’, (b) 100 cm’, (c) 25 cm’, (d) 200 cm?. 

(N.D.A. Exam. 1980). 

7. A gas which rigidly obeys the gas laws is known as 

(a) a lighter gas, (b) a heavier gas, 

(c) a real gas, (d) an ideal gas. 

8. Pressure remaining constant, the volume of a given mass of gas is directly 
proportional to its absolute temperature. This statement is known as 

(a) Boyle's law, (b) Charles’ law, 

(c) Graham's law, (d) Dalton's law. 

9. If P, V and T stand for pressure, volume and temperature of gas respec- 
tively, which one of the following expressions will represent Boyle's law 

(a) PV —constant, (b) PV=RT, 

(c) VooT, when P is constant, (d) PV—nRT. 

10. Charles’ law deals with the relationship of a gas between 


(a) pressure and volume, (b) pressure and temperature, 
(c) volume and temperature, (d) mass and volume. 


11. Dalton's law of partial pressures apply to the following mixtures of gases. 


(a) H, and Ch, (b) H, and Br, 
(c) NH; and AHCI, (d) H, and CO. 

equat volumes of two gases at the same temperature and pressure 
(a) same number of atoms, (b) same number of molecules, 


(c) same number of protons, (d) none of these. 


13. The volume occupied by 2:2 g of CO, at S.T.P. is 


(a) 224 litres, (b) 1:12 litres. 
(c) 0:224 litres. (d) 0:112 litres. 
14. The postulate that **Equal volumes of gases containing tt 

of molecules at the same temperature and pressure” was first EE by WAR) 
(a) Dalton, (b) Boyle, 

(c) Avogadro, (d) Berzelius: 
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15. Boyle’s law says that if P is the pressure, T is the temperature and 
iV the volume then, 


(a) 2 = at constant temperature, 
2 1 


P, VA 
(b) PHYS at constant T. 


(c) Y. at constant ‘P. 


(d) PINY: at constant T and mass of gas. 
Py V 

16. The molar gas constant R, equals to 

(a) 22°41 litres, (b) 0:0821 lit. atm/deg., 

(c) 831-42 cal/deg., (d) 1:987 joules/deg. 

17. 10 g each of hydrogen, oxygen and nitrogen are taken separately in three 
svessels. The order of decreasing number of molecules is : 

(a) nitrogen, hydrogen; oxygen. (b) hydrogen, nitrogen, oxygen. 

(c) hydrogen, oxygen, nitrogen. (d) oxygen, nitrogen, hydrogen. 

18. The rate of diffusion of a gas is inversely proportional to the’ square 
‘root of its density. Two balloons are filled up with H, and O, separately at the 
same temperature and pressure. If oxygen diffuses at therate of 65 ml per hour, 
hydrogen will diffuse at the rate of 


(a) 64 ml per hour, (b) 66 ml per hour, 

(c) 4 ml per hour, (d) 260 ml per hour. 

19. If the pressure and absolute temperature of 2 litres of CO, are doubled, 
the volume of CO, would become 

(a) 2 litres, (b) 1 litre, (c) 4 litres, (d) 8 litres. 

20. The volume of a given mass of gas is 117 ml at 39°C. At what tempe- 
sature will it be 213 ml ? 

(a) 273 k, (b) 39°C, (c) 426 k, (d) 143 k, 

(e) —719C. (PMDT 1975) 

21. Two litres of a gas are maintained at 250°C and 2 atmospheres. If the 
pressure is doubled and absolute temp. is halved, the gas will now occupy 

(a) 4 litres, (b) 2 litres, (c) 1 litre, (d) Q5 litre. 

22. What will be the density of a gas (mole wt.—44'8) in gm/litre at 2739C 
and 1 atm. pressure ? 

(a) 8*6, (b) 112, (9 1, (d) 2, (e) 4. 

23. 300 ml of the gas are heated from 27°C io 127°C. What will be the 
new volume of the gas at constant pressure ? 

(a) 400 ml, (b) 225 ml, — (c) 300ml, (d) 600 ml. 

24. The rate of diffusion of H, and Cl, are in the ratio of l6. The density 
of CI, as compared to that of H, will be 

(a) 72, (b) 36, (c) 18, (d) 6, (e) 26. 

25. The density and rare of diffusion of a gas A are D and R respectively. 


The. corresponding values of another gas B are dandr. When D/d is equal to 4, 
R/r is equal to : 


(a) $- (b) 4, (92, (d) 4. 
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26. The rates of diffusion of hydrogen and deuterium are 
(a)1:2, (1:2, © 42:1, (d) 4:1. 


27. A gas A diffuses three times as fast as another gas.B. The ratio of the 
densities of A and Bis 

(a) 1:3, (b) 3:1, © 9:1, (d) 1:9. 

28. The partial pressure of H, in a flask containing 2:016 g of H, and 
16:00 g of O, is 


(a) 4th total pressure, (b) 4th the total pressure, 
(c) 4th the total pressure, (d) 4rd the total pressure. 


Numerical Problems : 


1. The volume of a gas is 910 ml at 0°C and 760 mm. pressure. What will 
be the volume of the 


gas when the temperature becomes 279C and pressure 
728 mm ? 


(Ans. 1043:95 mly 
2. Calculate the temperature at which air possesses a density equal to that 
of hydrogen at 0°C. (Density of air= 14:4) 


(Ans. 3658/29 C) 
3. What is the effect of doubling the pressure and doubling the absolute 
temperature on the volume of a gas ? 


y 4. A gas has a density of 1°85 g/litre at 25°C and 700 mm pressure. What 
is its molecular weight ? 


5. 10 ml of Hydrogen was measured at 20°C. What will be the volume at 
100°C, the pressure being constant ? (Ans. 12:37 ml) 

6. At what temperature would the volume of a Bas be doubled, if the 
Pressure at the same time increases from 700 to 800 mm. ? (Ans. 351°C) 


7. 400 ml of oxygen are collected over water at 17°C and 750 mm 


Pressure, What will be the volume of the dry gas at N.T.P. ? (Aqueous tension at 
179C—14:4 mm) 


[Solution : Pressure of oxygen—(750—14:4)mm — 7356 mm. 
Let the volume at N.T.P. be V ml. 


760xXV . 7356x400. or, -260XV ... 7356x400 
273 734-17) * 9273 290 


735°6 X 400 X 273 
Or, V-— AAA I3 — 364. 
K 760x290 364°46 mI] 


8. What is the density of Carbon dioxide at 100°C and 720 mm, ? 


(Hint: Volume of _ 224% 160% 373 
| mole T2 


44g. 4. ite 
3i3hue | 36 g litre E] 


=32'3 litre 


Density= 


Based on Dalton’s law of partial pressure : ` 


9. A 10 litre flask at 298 k contains a gaseous mixture of carbon monoxide 
and carbon dioxide at a total pressure of 2:0 atmospheres. If 0:20 mole of carbon 
monoxide is present find out its partial Pressure and also that of carbon dioxide. 

b (Ans. Pco,—1:51 atm; Pco=0-49 atm) 
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10. Two volumes of oxygen and two volumes of chlorine are mixed together. 


What will be the partial pressure of each when the barometre stands at 760 mm. ? 
(Ans. O,—456 mm.; C/,=304 mm.) 


Diffusion of gases : 


11. Hydrogen sulphide (H,S) and chlorine (C/.) have distinct but different 
odours. If equal quantities of the two gases are. simultaneously released in one 
corner of the laboratory under exactly similar conditions, which gas will be 
detected first by students on the farside of the laboratory ? Give reasons for 
your answer. 

12. Pure oxygen effuses through an aperture in 224 second whereas mixture 
of ozone and oxygen, containing 20% by volume of ozone, effused from the 
same effusiometer in 234 sec. What is the molecular weight of ozone ? (Ans. 46°5) 


13. The gases SO, and H,S, are admitted at opposite ends of a 100 cm. 
tube, the tube is sealed, and the gases diffuse towards each other. At what point 


will free sulphur, the product of their chemical interaction, first appear ? 
(Ans. 42:2 cm. from SO, end of the tube) 


Dot 


CHATPER 9 


MOLE CONCEPT 


Need for Mole Concept—The need for mole concept arises on 
account of the following grounds : 


(i) The basic unit of a chemical substance is an atom or a 
molecule is necessary. While working in the laboratory, 


to use a definite number of atoms or molecules of 
For example, 


we have 


any substance. 
suppose two substances A and B react in such a way 


that one atom of A combines with one atom of B. In the labo- 
ratory, it will be required to use as much amounts of A and B as 
would provide equal number of atoms of 4 and B. This would 
ensure that the whole amount of A will be consumed in reaction 


with the whole amount of B. It is here that the mole concept comes 
to our help. 


(ii) A mole is an unit for counting atoms, molecules or ions. A 
mole is a collection of 6:023 x 10*? atoms, molecules or ions. 


(iii) The masses of the atoms and molecules a 
small Even a very small amount ofa Substance contains a very 
large number of atoms or molecules. Tt has been found that 
of carbon contains 5019x 101° atoms. This fi 


not Convenient for our use in calculations. 
6023 x1 


Te exceedingly 


1 mg 
gure being very big is 
Hence, a collection of 
0?? atoms, molecules or ions is called a mole, 

1 mole of atoms— 6:023 x 1028 atoms. 

1 mole of molecules— 6:023 x 10? molecules, 


Atomic Mass Unit (a.m.u.): The mass of a C1? atom has been 
assigned the value of 12:0000. Atomic masses of all other elements 
are then based on this reference. For example, if atoms of an ele- 
ment have an average mass twice that of C'?, the element is assig- 
ned an atomic mass of 24. 

The mass of acl 


atom divided by 12 is known as the atomic 
mass unit. 


The atomic mass of an element may now be defined as : 


The atomic mass of an element is a number which shows how many 
times the atom of the element is heavier than 


one-twelveth the mass of 
a C? atom, 
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The atomic masses of some common elements are given in the 
table below. 


Uu E A 2 a 
Element Symbol |Atomic | Atomic mass 
number (a.m.u.) 

Hydrogen H 1 1:008 
Helium He 2 4003 
Lithium Li 3 6:940 
Beryllium Be 4 9:013 
Boron B 5 10:82 
Carbon ~ c 6 i2:01115 
Nitrogen N T 14 0067 
Oxygen (0) 8 159994 
Fluorine E 9 19:00 
Neon Ne 10 20:183 
Sodium Na Il 22:9898 
Magnesium Mg 12 24:32 
Aluminium Al 13 2697 
Silicon Si 14 28°09 
Phosphorus P 15 30:98 
Sulphur S 16 32:064 
Chlorine cl 17 35°453 
Argon A 18 39°944 
Potassium K 19 39:09 
Calcium Ca 20 40:08 
Manganese Mn 25 54:94 
Tron Fe 26 55:847 
Copper Cu 29 63:546 
Zinc Zn 30 65:38 
Bromine Br 35 79916 | 
Silver Ag 47 107-880 
Tin Sn 50 3418:70 
Jodine I 53 126:9045 
Barium Br 56 13734 
Gold Au 79 196:9665 
Lead Pb 82 207:21 


Gram-atom or Gram-atomic mass—When the atomic mass of an 
element is expressed in gram, it is called a gram-atom. For example, 
the atomic mass of oxygen is 15:9994. Hence, 15:9994 gram oxygen 
—] gram-atom oxygen. 


Mass of the element in gram 


AGE Gram-atom — = 
i Atomic mass of the element 


1 gram-atom of an element — Atomic mass of the element expre- 
ssed in gm = Mass of 6:023 x 10?? atoms. 


Molecular ‘mass—The mass of a molecule of a substance, express- 
ed in a.m.u., is called the molecular mass of the substance. It may 
be defined as : 


The molecular mass of a substance isa number which indicates 
how many times a molecule of the substance is heavier than one- 
twelveth the mass of a C!? atom. 
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de Moleculst mass — Mass of one molecule of the substance 
1.e.; = qs the mass of C!? atom 


The molecular mass is obtained by adding up the atomic masses 
of all atoms present in a molecule of the substance. 
(i) Molecular mass of Water (H30)—2 x 1:008++-1 x 15°9994 
=18°0154 a.m.u. 
(ii) Molecular mass of Sulphuric acid (H,S0,) 
=2x 1*008-1-32:064 4-4 x 15:9994 =98°0776 a.m.u. 


Gram-mole or Gram-molecular Mass—The molecular mass of a 
substance, when expressed in gram, is known as the gram-mole. For 
example, the molecular mass of sulphuric acid is 98:0776 a.m.u. 
Hence, 98:0776 gram sulphuric acid is 1 gram-mole sulphuric acid. 


; o i 
Se Taman Mass of the substance in gram 
Molecular mass of the substance 


Gram-molecular Volume—The volume occupied by a gram-mole 
of any gas at N.T.P. is 22°4 litre, and this volume is known as the 
gram-molecular volume. This volume of gas contains 


6:023 x 1023 molecules. 


Mole—A collection of 6:023 x 1028 atoms, molecules or ions is 
called a mole. 


ijs 1 mole 6:023 x 107? atoms, molecules or ions. 


. The mole is a concept of quantity in terms of a number of par- 
ticles, and hence represents a certain mass. In general, the term 
mole represents a gram-atom, a gram-mole or a gram-ion. 

i.e., 


adro’s number is usually de 
asthe number of atoms present i y defined 


(element or compound) or t i i 

ion of a substanee ) or the number of ions present in one gram- 
hes N= 6:023 x 1012 

Numerical Problems 


1. Calculate the number of motes in each of the following amou- 
nts of material : 


(a) 10:00 g of H3S0,, 
(b) 1:00 molecule of NO. 


Solution : (a) Molecular mass of H,S0,— 98-0776 a.m.u. 


Moles of H,SO,— Weight of SO, _ 10:00 
Molecular mass 98:0776 
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(b) *^ 6:023 x 10%? molecules of NO,=1 mole, 


TS e 1- 
. 1°00 » 7$033x108 mole 


sil 
6:023 


2. Calculate the number of H,O molecules in one litre of water. 
Calculate the mass of a single molecule of water. (Assume the den- 
sity of water to be 1 g/ml). 


Solution : 1 litre of water — 1000 ml of water 
— 1000 g of water. 


Weight of water = 1000 
Molecular mass of water 18:0154 


1 mole contains 6:023 x 10?? water molecules, 


X 10-73 mole. 


Mole of water — 


1000 6:023 x 1078 x 1000 
-18-0154 » 18-0154 water molecules. 


— 3:344 x 1025 molecules litre 
Now, '. 3:344 x 10* molecules weight 1000 gm 


1000 
344x108 5 
—2:990x 107? g molecule. 
3. The electrical charge on a single electron is found to be 
1:6x1039? coulombs. Calculate the total charge of a mole of elec- 
trons. 


Solution : 1 mole of electrons = 6:023 x 10?? electrons. 
H Total charge of a mole of electrons 
=1°6 x 10719 6:023 x 10?3 coulombs. 
—9:632 x 10* coulomb mole. 
4. Calculate the number of Na+ and Cl- ions in a mole of NaCl. 
Solution: 1 mole of NaCl —22:99--35:45 «58:44 g 
NaCl > Nat + CE 
1 mole 1 g-ion 1 g-ion 
Number of Nat ions— 6:023 x 1075 
Number of CI- ions=6'023 x 10° 
5. Calculate the number of Ba** and Cl- ions in a mole of 
BaCl,. 


1 » 


Solution : BaCl; > Ba** + 2Cl- 
(20824 g) 13734g 2X 3545 g 
1 mole 1 g-ion 2 g-ion 


Number of Ba** ions— 6 023 x 10° 
Number of CI- lons = 2x 6:023 x 10% 
= 12:046 x 10?5— 1:2046 x 104, 
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6. Calculate the number of atoms in a milligram of silver. 
Solution : 1 mg silver=0-001 g silver 
0:001 ; 
= ams; Mole Ag (Atomic mass of Ag 
107°87 —107:87) 
1 mole 4g contains 6:023-F 10?? atoms, 
: 0:001 6:023x 102 x 0:001 
4 HEN py CE UMBATORU AM 
Toray "ole 4g 107:87 
— 5:58 X 1015 atoms. 
7. From 200 mg of CO, 10? molecules are removed. How 


atoms 


many moles of CO, are left ? (I. 1. T. 1978) 
Solution : 1 mole=6 x 10% molecules, 
—] gm-mole. 


200 mg of CO, (mole. wt.=44)= ox mole 


=4°55 x 10-3 mole 


21 
Molecules removed — 10? — xio” 1:67 x 1073 moles 


Moles of CO; left = (4:55 x 10-8— 1:67 x 10-8) 
= 2:88 x 10-? mole. 
8. Find the number of gm-atom in 2X 10? atoms of an element. 
Solution : 1 gm-atom of an element = 6:023 x 10?? atoms, 
Now, * 6023 x 10? atoms —1 gm-atom 


2xl0fatoms2X108 X17 "171: 
x atom 6023 x10" 30115 Matom. 
9. How many grams are present in 3 gm-atoms of Ag ? 


(At. wt. of Ag —108) 
Solution : 1 gm-atom of Ag=108 g of Ag 
nts 3 


» » =3 x 108 =324 g of Ag, 

10. How many gm-atoms:of S are present in 49 g of HS0, ? 
Solution : H480,—2--32-4:64—98 

1 mole of H,SO,=98 g 
or, 98 g of H,SO,=1 mole of H,SO, 
EE 49 8 » E $8 3» » 

E05 ores 3 
1 mole of H,S0,—1 s atom -32 g of S 


EROSA rel ~ 22% 05 @16 p of S. 
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í Questions 

Long Answer Type : 

1 What is atomic mass unit ? What was the need for the adoption of this 
unit ? n 

2. What do you mean by atomic mass and molecular mass ? 

3. How is the molecular mass of a substance calculated ? Give one example, 

4, What is a mole ? 

5. Explain the terms gram-molecular volume. 

6. What do you understand by Avogadro's number ? 
Short Answer Type : a 


1. Define ‘atomic mass’. 
2. How is the gm-atom of an element related to its mass ? 
3. What is the number of atoms in a mole of an element ? 


Objective Questions. 
(A).Four answers are given to each question below; but only one of them is 
correct. | Assign mark *4/* to the correct answer: , 
1. 1mole NaCl is equivalent to 
(a) 585g NaCl, (b) 23g NaCl, (c) 58'5g NaCl, (d) 35:5 g NaCl. 
2. How many gm atoms are present in 4632 gm of platinum’? (At. wt of 
Pt —195:09). r 
(a) 0°24, (b) 2:4, (c).0:024, (d) 2:24 
i 3. A4 many platinum atoms are present in 0°4632gm of Pt ?.(At. wt. of Pt= 
95:09). d 
(a) 14x 10*! atoms, (b) 0°14 10*t atoms, (c) 1:4x€ 10? atoms, (d). 145 1022 
atoms. 
4. A collection of 6:023 10% ions is called a 
(a) a.m.u, (b) avogram, (c) gm-atom, (d) mole. 


inb The atomic mass of silver is 10787. The number of moles in 215:74g silver 
WL e 


(a) 3, (b) 60235 10*5, (c) 2, (d) 10. 
6. 10g of CaCO, contains 
a) 10 moles of Ca . 
e Ar ooi CO,, (b) 1gm atom of Ca, (c) 6X10: atomes 2 AA 
(B) A number of statements are given below. Select the correct or the most 
appropriate statements. 
7. One mole of carbon dioxide contains 6:023 x; 10?? molecules. 


c The molecular mass of a compound, expressed in gram, is known as the- 
ie. 


9. The volume occupi i th 
SEAT DES upied by 1 mole of oxygen at N.T.P. is known as the 


10. A molal solution contains one mole of solute in 1000g of solution. 
(I. I. T. 1978) 

(C) Fill up the blanks in the following : 

11. The number of atoms present in 12g carbon is..-..--- 


Spee S of aluminium is 269815. Hence, a mole of aluminium 


13. The weight of a mole of Cat+ ions is equal to a......... of calcium. 
Numerical Problems : 


X z A Calculate the number of moles of carbon dioxide in 120461025 molecules 
o i [Ans. 2]; 
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2. How many moles of aluminium are there in 5:0g of the element ? 


(Ans. 1:83) 
:3. Calculate the number of moles in 100,00 ml of propane at N.T.P. 
í (Ans, : 4°46) 


4. The density of waterat room temperature is 1:0 g/ml. Calculate the number 
of H,O molecules in 10 drops of water, when the volume of this much water is 
0:5 ml. (Ans. 1°67 107?) 
5. To a sample of an element X(at. wt.— 70) another element Y (at. wt.—120) 
isto be added as an impurity. The ratie of atoms in the mixture isto be 1°10-*. 
How many grams of Y will be required for 35 grams of X ? 
[Solution : (i) Number of atoms in 35g. of X 


CE XN-—0'5N (N — Avogadro's number) 


(ii) Suppose, x—1 atom and y=10-? atoms 


x=0'5 N atoms, .. y—(05N)x10-' atoms 
(iii) 0-5NX 10-* atoms of Y —0:5X 10-7 x gm atom —0:5 x 10-7 120 g. 
—6:0x 10-5 g] 


6. Determine the number of molecules, and the number of atoms in each of 
€he following quantities. 


(a) one mole of H,O, (b) 5 moles of HCI. 
(c) 10, of CO,, (d) 100, of H,O. 


7. How many moles of CaO are present in 60 g of CaCO, ? h 
8. Find moles of a gas in 5°6 litres of the gas at N.T.P, ? (nn uo mele 
. 9. How many grams of S are required to produce 100 moles of H.SO, ? 


2 2 (Ans. 3200 g) 
10. Determine the number of molecules in 76:9 g of Phosphorus (Pj). (p—31). 


(Ans, 3734 x 108) 
DO 


CHAPTER 10 
ACIDIMETRY AND ALKALIMETRY 


Neutralisation—By the term ‘neutrlisation’ it is generally meant 
the combination of hydrogen atoms present in the acid with the 
oxygen or hydroxyl group present in the base, to produce salt and 
water. 


HCI + NaOH — NaCl + H,O 


(acid) (base) (salt) (water) 
HSO, + CuO |. — CuSO,+ HO 
(acid) (base) (salt) (water) 


According to the ionic theory, neutralisation is the process in 
which H+ ions of the acid combine with the OH- ions of the allkali to 
produce undissociated molecules of water. 

H*--OH-—H;0 a 

Indicators—Indicators are chemicals used in Volumetric Analysis 
which indicate, by change of colour, the termination (i.e., end-point) 
of a chemical reaction. 

The indicator also indicates by colour-change whether the solu- 
tion is acidic, alkaline or neutral. 

Some of the indicators which are frequently used in the labora- 
tory are listed below : 


eS 


Colour in solution 


Indicator 
Alkaline Neutral Acidic 
Methyl Orange Yellow Orange Pink 
Phenolphthalein Pink Colourless Colourless 
Litmus Blue Violet Red 


— ——————————————————————————— 


Standard Solution—A standard solution is such a solution which 
cone a known weight of the solute present in a known volume 
of it. 

Titration Lu process of determining the strength ofanunknown 
solution by allowing it to react with a solution of known st 
is called Titration. rength, 

Acidimetry—The method of determining the stren; i 
à 2 E ine gth of an al 
in a solution by neutralising it, in presence of an indicator te 
standard solution of an alkali, is called acidimetry. j 
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Alkalimetry—The method of determining the strength of an acid 
in a solution by neutralising it, in presence of an indicator, with the 
standard solution of an alkali, is called alkalimetry. 

Equivalent Weight of an acid—It is that weight of an acid which 
contains one part by weight of replaceable hydrogen: 

Example: Hydrochloric acid (HC/)—36°5 parts by weight of HCI 


contains one part by weight of replaceable hydrogen. Hence, the 
equivalent weight of HCl —36:5. 


Sulphuric acid (H,SO,)—98 parts by weight of HSO; contains 12 
parts by weight of replaceable hydrogen. Hence, *8=49 parts by 
weight of H2SO, will contain 1 part by weight of replaceable hydro- 
gen. The equivalent weight of H,SQ, is, thus, 49, 


In general, Equivalent weight of an acid 


= Molecular weight of the acid 
Basicity. 

Equivalent weight of an alkali—It is that part by weight of an 
alkali which will just completely neutralise on equivalent weight of 
an acid, 1 

Example : (i) NaOH +. HCl—--NaCl4-H40 

234-164-1 14-355 
=40 =36'5 

40 parts by weight of NaOH just completely neutralises 36:5 parts. 
by weight, i.e., one equivalent weight, of HCl. Hence, the equi- 
valent weight of NaOH =40, 


(i) Ca(OH), + 2HCI—+CaCl,+-H,0 
ves 2X365 


Here, 74. parts by weight of Ca(OH), just completely neutralises. 
2X36'5 parts by weight, i.e., 2 equivalent weight of HCI. Hence, 
in order to neutralise one equivalent weight of HCI, 24 or 37 parts. 
by weight of Ca(OH), will by required. 


Thus, the equivalent weight 
of Ca(OH), =37. 
Equivalent weight of a base 


— Molecular weight of the Base 
Acidity 


i reight of a compound— It is that part by weight of the- 
bn ndr wine contains bie part by weight of the hydrogen- 
equivalent of an active element. : 

Example: 106 g of Na,CO, contains 46 g of Na. We known that 
the equivalent weight of Na is 23. Thus, there-are 2 Hydrogen- 
equivalent of the active clement Na present in a molecule of 
dna Equivalent weight of Na4CO, —195— 53; 

Normal solution—The normal solution of a substance is such a 
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solution one litre of which contains one gram-equivalent of the 
substance. 


It is usually represented as (N) solution. 


Thus, 1000 ml of (N) NaOH contains 40 g NaOH. 
1000 ml of (N) NaCO, contains 53 g NasCO;. 


Decinormal solution—The deci-normal solution of a substance is 
such a solution one litre of which contains 1/10th the gram-equiva- 


lent of the substance. Itis usually represented as (is) solution. 


Thus, 1000 mi of N/10 NaCO, contains 5:3 g NasCO;. 


Preparation of a Deci-normal solution of Sodium carbonate : 


Method—About 10 g of pure sodium carbonate or pure sodium 
bicarbonate is taken in a clean and dry basin. It is carefully 
heated in the non-luminous flame of Bunsen burner for about 40 
minutes, The basin is then cooled in a desiccator and weighed, On 
heating, sodium bicarbonate is completely converted into sodium 
carbonate. 

2NaHCO;,-—-NasCO; + H0 + CO, 

The process of heating, cooling and weighing is repeated till the 
final weight becomes constant. This indicates complete conversion 
of sodium bicarbonate into sodium carbonate. 

Now, exactly 53 g of Na4CO; is weighed out ina weighing 
bottle, and then transferred in a litre flask. A little distilled Water 
is added to the carbonate till it goes into solution. The weighing 
bottle is also washed with distilled water several times and all the 
washings transferred into the litre flask. The solution in the flask is 
now diluted with distilled water and thoroughly shaken, Finall 
the solution is diluted with distilled water up to the mark on the 
neck of the flask. The solution is now left undisturbed for 
about half an hour to become homogeneous. This is (N/10) solution 
of sodium carbonate. 


Different methods of expressing the strengths of solutions : 


1. The relative amounts of the solute and the solve 


nt ina soluti 
may be expressed as : ution 


weight of the solute 


t by weight 2— —-—— er 
(a ENO LINE weight of the solution 


x 100 


weight of the solute 
volume of solution in mi 100; 


2. Normality—Normality is defined as the number 
equivalents of the solute present in one litre 
represented by N. 


INTR. CH.-13 


(b) Per cent by volume= 


of gram 
of the solution. Si is 
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T Weight of solute in g per litre of solution. 
NOS. ON Equivalent weight 


For example : 1 (N) solution of Na;CO; is obtained by dissolving 
53 g of it in 1000 ml of the solution (Eq. wt. of Na,CO3= 53). 


3. Molarity—Molarity is defined as the number of moles of the 
solute present in one litre of the solution. It is expressed by M. 


z = Weight of solute in g per litre of solute 
ATO Lar RCM) Molecular weight 


For example : 1 M solution of Na,CO; is obtained by dissolving 
106 g of it in 1000 ml of solution (Molecular weight of NaCO; 
—106). 

106 g of Na;CO; is dissolved in sufficient amount of water in a 


litre flask and then more water is added to make the volume 
1000 ml. 


4. Molality—Molality is defined as the number of moles of the 
solute present in 1000 g of the solvent. It is represented by m. 


d — Weight of solute in g per 1000 g of the solvent 
Molaia = Molecular weight 


It the solvent is water then 1000 ml of water may be taken, 


5. Mole fraction—Mole fraction is the ratio of the number of 
moles of a particular component in a solution to the total number 
of moles present init. Let A and B components be present in a 
solution. Then, the mole fraction of 4 is given by 

X, — Mole fraction of A 


= Number of moles of 4 
Number of moles of A+Number of moles of B 
Xz=Mole fraction of B 


en Number of moles of B 
Number of moles of A-FNumber of moles of B 

 X,~+Xz=1. 

Molality and Mole fractions are independent of temperature 
while the normality and molarity are. dependent on temperature, 

This method of expressing composition is frequenily used for 
gaseous mixtures (solutions) because the Partial pressures of the 
Components of such a mixture are directly proportional to the mole 
fractions. For example, air is a mixture of approximately 4 moles 
of Ns and 1 mole of O}. Hence, 

N2+0,=5; Xx —$208 
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If the total pressure of air is P, and the partial pressure of Na 
and O, are Py, and po respectively, then 
2 


py =0'8 P; Po, =02 P 
Px tPo,=0 8 P+02 P=P. 


Inter-conversions of Strengths} 
1. From Percentage to Normality : 


5% NaOH solution means 5 g NaOH present in 100 ml. Hence, 50 
£ NaOH is present in 1000 ml. As 40 is the equivalent weight of 
NaOH, £$ gram-equivalent NaOH is present in 1000 ml. 

-. Normality of solution is 59 (N), i.e., 1:25 (N). 

10% NaCO, solution means 10 g NasCOs is present in 100 ml. 
Hence, 100g Na,CO, will be present in 1000 ml. As 53 is the equiva- 
lent weight of NasCO;, 39? gram-equivalent of NaCO; is present in 
1000 ml. 

Normality of solution is 49° (N) or 1.88 (N) 


Percentage of the substance 


Thus, N lity = 
D EDT Equivalent weight of the substance 


2. From Normality to Gram per litre : 


Gram per litre=Normality x Equivalent weight. 
2(N) HCI means (2x36:5) g of HCI per 1000 ml. 


3. From Gram per litre to Normality : 


Gram per litre 


ltyes—— cU EIC 
NOSSENBS Equivalent weight 


4 g of HCI per litre means oF N) HCl -0:109 (N) HCI. 


Important principles 


(i) 1 ml (N) solution=10 ml (N/10) solution. 
2 ml (N/2) solution. 
=50 ml (N/50) solution. 
20 ml (N/10) solutjon=(20 x 35) ml (N) solution. 
=2 ml (N) solution. 

(ii) Acid and alkali solutions of the same normality neutralise 
each other in equal volumes. Thus, 10 ml (N) NaOH solution will 
neutralise 10 ml of (N) HCI solution. 

Similarly, 25 ml (N/10) Na,CO, will neutralise 25 ml of (N/19) 
HCI solution. 
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(iii) In acid-base titration, we have, 


Strength of acid _ Volume of alkali used 
Strength of alkali Volume of acid required to neutralise it 
or See or VixSi-VixS, 


/ 
i.e., Volume of acid x Strength of acid 2 Volume of alkali 
x Strength of alkali. 


Solved Problems 


1. An aqueous solution of a dibasic acid (mole. wt. = 118) con- 
taining 166 gof the acid per litre of solution, has a density of 
1:0066 g/ml. Express the concentration of solution in terms; of 
normality, molarity, molality, mole fraction, weight per cent 
and volume per cent. 1 


Solution : Amount of solute—16'6 g/litre. 
Mole. wt. of solute — 118 
16:61 
Moles of solute— gg 0:14 


Volume of solution — 1000 ml 
Density of solution— 1:0065 g/ml. 
^ Weight of solution= Volume x Density 
5 = 1000x 10066 — 106:6 g. 
Weight of solvent = Weight of solution — weight of solute 
—106:6 —16:6—990 g. 
Moles of Solvent —999 = 55, 
Total number of moles in solution —0:144-55 — 55:14 
Thus, we now get, 
(i) Normality =10 9281 


(since the acid is dibasic hence Eq. wt,—_Mole. wt. _ 118 =5) 
3 | 


à "WE 
(ii) Molarity = TIS 0:14 


ie. the solution is 0°14 M. 


5 4, 014 
i =—— x 1000=0'1414 
(iii) Molality 990 x1000—0:141 


i.e., the solution is 01414 Molal or 0:1414 m. 
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(iv) Mole fraction : (a) Mole fraction of acid 


LIOS. y. í a 
sqq 70 00254—2 54x 10 


(b) Mole fraction of water = 1— 0:00254— 0:$9746 —9:9746 x 10. 


A _ 166 LANA 
(v) Weight per cent 10066 x 100=1°64% by weight. 
Weight of solute x 100 


(vi) Volume per cent— ValroSsolutonsnml 


_16°5 TUE 
1000 100=1'66% by volume. 
2. How many moles of the solute are present in the following 
solutions : F 
(a) 100 ml of 2(N) HCI; (b) 500 ml of 3(N) NaOH; (c) 250 ml of 
20 per cent Na¿CO;; and (d) 750 ml of 2:5 M NaOH. 
: A sy. gram per litre 
Solution : (a) Normality = equivalent Weight, SG 
Equivalent weight of HCI — 36:5 
Gram per litre - Normality x Equivalent weight. 
-2x365 
— 73:0 g litre“. 
~. Amount of solute in 100 ml=7°3 g. 
Amount in gram 
Molecular weight 


ep EE 
36°5 g mole? 
(b) Molecular weight of NaOH —40 


.. Number of moles= 


=0'2 mole. 


: : ., Molecular weight _40_ 49 
Equivalent weight of NaOH — Acidity 1 


Gram per litre = Normality x Equivalent weight 
—3x40- 120 g litre. 
Amount of NaOH in 500 ml= 60 g. 
-. Number of moles —29 — 15 mole. 
(c) 100 ml of 20% Na;CO; solution contains 20 g of NaCOs. 


=. 250 ml of solution contains 20x29. g or 50 g of Na,CO;. 


Amount in gram 


——— ALL 
Number of moles Molecular weight ® 
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Molecular weight of Na4CO,— 106 


Number of moles 2,52; — 0:47 mole. 


(d) 2:5 M solution of NaOH contains 2:5 mole of NaOH per 
litre of solution. 


2°5 x 750 ed 
1000 mole = [875 mole. 


3. The molarity of a solution is Mi. Calculate the volume V; 


of water to be added to V, ml of the solution so that its molarity 
may become M;. (1.1.T. 1977) 
Solution : Initial volume of solution — V, ml 
Final volume of solution = (V + Va) ml 
Initial molarity of solution = M, 
Final molarity of solution = M, 
Vix Mı=(V1+V)x Mə; or ViM,-ViMsi--V.M; 


750 ml contains 


or V.M3—V4M1—V4Ms 
VıMı— VM, 
or V= ii 


4. 20 ml of a solution of (N/10) NaOH required 14:6 ml of a 
solution of HCI for complete neutralisation. Find the Strength of 
HCI solution (a) in terms of normality, and (b) in gram per litre, 

Solution : (a) 20 mt of (N/10)NaOH = 20x 3,=2 ml of (N) NaOH 

Let the strength of the acid be x (N). 

VixS,-V,x So, “. 146xx(N)=2x (N); 

Diem ros 
or =f lr 
xe =0'136 

Normality of HCI solution —0:136 

(b) Gram per litre = Normality x Equivalent weight 
—0:136x 36:5 — 4*964 g litre. 

5. 1000 c.c. of hydrogen chloride was dissolved in water at N.T.P. 


Find out the volume of sodium hydroxide solution containing 42 g 
of NaOH per litre required to neutralise the solution of HCI. 


(R. U. 1971S) 


Solution : HCI + NaOH > NaCl + H,O 
22400 c.c. 40g 


22,400 c.c. HCI (at N.T.P.) requires 40 g NaOH, 
-ac 40X 1000 
lC: HEP: i d OH 
1000 c.c. HCI(at N.T.P.) requires 23400 È Na 


=1°78 g NaOH. 
Now, ^39 42g NaOH is present in 1000 mil solution, 
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ml solution 


1:78 g NaOH is present in 1000x178 


—42:5 ml solution. 

6. 0:25 g of pure calcium carbonate was found to require 47 ml 
of dilute HCI for complete neutralisation. Calculate the normality 
of the acid. 

Solution: CaCO, + 2HCl > CaCl, + H,O + CO, 

100 2x 365 


or 2000 ml of 
(N) HCI 


100 g of CaCO, requires 2000 ml (N) HCI, 
0:25 g of CaCO, requires 20005925 ml (N) HCI . 


=5 ml (N) HCI! 
Hence, 47 ml dil. HC/=5 ml (N) HC! 
Strength of HCI solution = 7; (N) 20:106 (N). 
7. 18 ml of (N/2) HCI are mixed with 20:6 ml of 2N) HCI and 
16:4 ml of (N/10) HCI. Find the strength of the mixture. 


Solution: 18 ml of (N/2) HC/=48 or 9 ml of (N) HCI. 
20:6 ml of 2 (N) HCl 220:6x 2 or 41:2 ml of (N) HCI 
16:4 ml of (N/19) HCl & 16 4x 4y or 1°64 ml of (N)HCI 
Volume of mixture —(18--20 6+ 16°4) ml 
—55:0 ml. 
55:0 ml of the mixture z (9 -41:24-1:64) ml of (N) HCl 
z5[84 ml (N) HCI 
51:84 
550 

1,0. Strength of mixture —0:9425 (N). 

8. 10:2 ml of a dilute solution of H,SO, required for complete 
neutralisation 22:7 ml of 1'1 N/10 solution of Na,CO;. Find, what 
volume of water must be added to 400 ml of dilute H,SO, solution 
so as to make it exactly N/10. (Mithila U. 1973 A) 

Solution : Let the strength of dil. H»SO, solution be x(N/10) 

10:2 x x(N/10) =22'7x 1:1 (N/10) 


PE e s 
x DEOS 2244 
"uim strength of dil. H,SO, solution —2:44 (N/10). 
Suppose, a ml of water added to 409ml of the dilute H50, 
solution makes it N/10. Then, (a+-400)(N/10)=400% 244 (N/10) 
or  --400—400x2:44; or a+400=976; 
or a=976—400=576 ml. T 
9, What volume of water must be added to 500 ml of 1:56 (N) 


1 ml of mixture= 


ml of (N) HCl 20:9425 (N) HCI. 


or, 
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HSO, so as to make it exactly normal ? 


Solution : Initial volume=500 ml 
Initial strength —1:56 (N) 
Let the volume of water to be added be V ml. 
Final volume —(500-- V) ml 
Final strength — 1(N) 
500 x 1:56=(500+V) x1 
or 500+V=780; or V=780—500=280 ml. 


(Bombay F.Y. 1974) 


10. Inan experiment, it was found that a solution obtained 
by dissolving 00343 g calcium in water neutralises 17:25 ml of 
(N/10) HNO, solution. Calculate the equivalent weight of the 
metal. 


Solution : 17:25 ml of (N/10)HNO,= ae ml of (N) HNO, 


|. 71725 ml of (N) HNO, 
Now, ' 1:725 ml of (N)HNO; is neutralised by 0:0343 g Ca, 
0:0343 x 1000 
1000  ,, SEIL RC 


» 3 


g Ca 


—19:8 g Ca 
Equivalent weight of calcium — 19:8, 

11. 1 g of the carbonate of a metal was, dissolved in 25 ml of 
(N) HCI. The resulting solution required 50 ml of. (N/10) NaOH for 
its complete neutralisation. Find the equivalent weight of the 
carbonate. 

Solution : 50 ml of (N/10) NaOH 550 ml of (N/10) HCI 

=5 ml of (N) HCI 

=acid left unused. 
4. Volume of HC! used in reaction=(25—5) or 20 ml (N), 
Now, ° 20 ml of (N) HCI reacts with 1 g carbonate, 


1000 ml 3 D Domo g carbonate 


=50 g carbonate, 
i.e., Equivalent weight of carbonate — 50. 


12. 1 g of a mixture of NaOH and KOH was dissolved in 250ml 
of water. 20 ml of this solution required 18 ml of (N/10) HCI for 
its complete neutralisation. Calculate the percentage composition 
of the mixture. (M.U. 1977A) 

Solution : 20 ml solution requires 18 ml of (N/10) HCI. 


20 
=225 ml (N/10) HCI —22:5 ml (N) HCI 


250 ml of solution will require 18x 250 ml x) HCI 
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Suppose, 1 g mixture cotains x g NaOH, 
-. Amount of KOH in the mixture—(1-— x) g. 
Now, NaOH - HCI——— NaCl--H;O 
40 1000 ml 
(N) HCI 
40 g of NaOH completely reacts with 1000 ml (N) HCI, 
xg — n Nelle x 1000 X X i (N) HCI. 
40 
—25x ml (N) HCI. 
Now, KOH--HCI——- KCl - H.O 
56 1000 ml 
* (N) HCI 
56 g KOH requires 1000 ml (N) HCI, 


TENE») 855719 i) ml (N) HCI 


= 125(1=%) ai 
7 


2504 d -225 


Ix 30-29 -275; or 175x4-125—125x —22:5 x 7 
Or, 50x+125=157'5; or 50x—157:5—125—-32:5 
2325 _o. 
x=% = 0°65 


ie, Amount of NaOH —0:65 g 
Amount of KOH —1—0:65—0:35 g 


Thus, % of NaOH — SON. =65% 


\ 


% of Kon = 935100. =35%, 


.,13. 100 g of a mixture of sodium chloride and sodium hydro- 
xide containing 20% sodium hydroxide is dissolved in distilled 
water and the volume made up to 500 ml. Find the volume of semi- 
normal hydrochloric acid that will be used to neutralise 25 ml of 
this solution using phenolphthalein as indicator. 


Solution : Weight of mixture (NaCI--NaOH) —10 g 


20x10 


i NaOH -— 
Weight of NaO. 100 


=2 g 
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Weight of NaOH present in 500 ml solution —2 g 
<- Weight of NaOH per litre solution 4 g 
i.e., $$ gram-equivalent NaOH is present in 1 litre. 
Thus, the strength of NaOH — z5—0:1(N) 
Volume of NaOH solution=25 ml 
Strength of NaOH solution—0:1 (N) 

Strength of HCI solution - N/2 
Let the required volume of HCI solution be V ml. 


25x01 Nevxh or 25x01=Vx4 


or /—2x25x0:1—5 ml. 
14. 78:5 ml of 0:108 (N) KMnO, solution is reduced in presence 
of acid by 5 g sample of H; ». What weight of this sample of H;0, 
will be required to oxidise 50 ml of decinormal solution of ferrous 
sulphate ? 
Solution : 78:5 ml of 0:108 (N) KMnO, 
—78:5x0:108 ml (N) KMnO, 
=8'478 ml of (N) KMnO, 
"V 1000 ml (N) KMnO; will reduce 17 g of AO, 
(Eq. wt. of H,0,= 17), 


8:478 ml (N) KMnO; will reduce Ix SSO) 


000 

=0 144 g H50, 

-. 5g sample of H,O contains 0:144 g of pure H,0,. 

Now, * 1000 ml (N) FeSO, reacts with 17 g H.0, 

17x 50 
5 
0 ml 5 » 1000 8 7202 

=0:85 g H,O, 


“. 50 ml of (N/10) , ,, 0-085 g H,0.. 
Now, *.' 0:144 g of pure H0, is present in 5 g sample, 


23/0 E NE cce 250059 82295 g. 


15. What is the molarity and molality of a 13% solution by 
weight of sulphuric acid ? Its density is 1:090 g/ml. To what volume 
should 100 m! of this acid be diluted in order to prepare a 1*5 (N). 
solution ? (L1.T. 1978) 

Solution : Calculation of molarity— 


Weight of 1 litre HS0, — volume x density 
= 1000 x 1090— 1090 g. 
Weight of H,SO, in this quantity of solution 


1090% 13 
= 1090 13 _ 141.7 g, 
100 18 
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Molecular weight of H,SO, —98 
141:7 


Moles of H,SO,— 98 


Molarity of H,S0,- T. 1=1°445 M. 


Calculation of normality— 


H3SO,isa dibasic acid. Hence, the equivalent weight of 350; 
=} x Molecular weight. 
Normality of H,SO,=2 x 1:445 — 2:890 (N). 
Calculation of dilution— 


NQ,XVi-NaiXVs 


«ode 
or 2:890(N)x100—-L-5 (N)x Va; or Va = 2890x109 qi 


—186:6 ml . 
100 ml of the H550, solution should be diluted to 1866 ml. 


Calculation of molality— 


Total weight of H,SO, solution = 1090 g 
Weight of H,SO, in it —141.7 g 
Weight of water = 1090—141°7=948'3 g 
1417 1000 | 
Sg "-94p3 14m 
16. Two litres of ammonia at 30?C and at 020 atmospheric 
pressure neutralised 134 ml of a solution of sulphuric acid. 


Molality = 


Calculate the normality of the acid. (LLY. 1978) 
Solution : Let the volume of NH; at N.T.P. be x litre. 
Now, P,=0:2 isi] 
y,-2 ) V, =x 
7,—2134-30—303 K T,—273 K 
PW _ PVs oe 02x2 . lxx 
Ty ngo 303 213 


— 02x2x273 |. 
303 litre 


= 073604 litre. 


or x 


nee mole of NH,=0:01608 mole- 


(7 22:4 litre of NH, at N.T.P.=1 mole of NH). 


204 x INTRODUCTORY CHEMISTRY 


Ammonia is a monoacid base. Hence, its equivalent weight =its 
“molecular weight. 

0°01608 mole of NH,=0:01608 gm-equivalent of NH, 

Now, 134 ml of acid solution contains 0:01608 gm-eq. of HSO, 


-. 1000 ml of acid solution contains 1605 1090. gis c 


=0'12 gm.eq. of H,SO, 
Normality of the acid— 0:12 (N) 

17. A solution contains a mixture of NaCO, and NaOH. 
Using phenolphthalein as indicator, 25 ml of mixture required 19:5 
ml of 0:995 (N) HCI for the end-point. With methyl orange, 25 ml 
of solution required 25:9 ml of the same HCl for the end-point. 
"Calculate gm per litre of each substance in the mixture. 


Solution: With phenolphthalein, NaOH is completely neutra- 
lised but Na,CO, is half neutralised. With methyl orange, both 
NaOH and Na,CO, are completely neutralised. 


Difference of the two titre values gives the amount of HCI used 
‘to neutralise NaHCO, formed during titration with phenolphthalein 
asindicator. Double of this difference will givethe titre value for 
"complete neutralisation of Na¿CO,. This difference on subtraction 
from the titre value with phenolphthalein gives the titre value for 
‘NaOH alone. 

Volume of HCI used for Na,CO; in the mixture 

—(259—19:5)x2—12:8 ml 


e 25xN,-2128x0995; or N, -IEBXO90 —0:5094 
=Normality of Na,CO, in the solution. 
^ Gm litre of NaCO, =0:5094 x 53 =27 
Wolume of HCI used for NaOH in the mixture 
—19:5—(25.9—19:5) 13:1 ml 


c. 25XN;2131x0995; or N,- 121x0995 9p 


= Normality of NaOH in the solution. 
Gm litre of NaOH —0:5213x 40—20:85 


18 Toa 20 ml of a copper salt solution, after necessary treat- 
ment, were added 2 gm of KT and the liberated iodine required 112 
ml of decinormal sodium thiosulphate solution. Find out the 
weight of Cu*+ ion per litre of the solution. 


Solution: The equation Tepresenting the reaction between 
CuSO, and Klis, 


2CuSO, + 4KI > 2K,SO, + Cul, + h 
= 2CuSO,=I,=2 equivalents. 
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-. Equivalent weight of CuSO, — Molecular weight of CuSO,. 
* Equivalent weight of Cu** ion— At. wt.—63:5 
Volume of thiosulphate solution = 11:2 ml. 
Strength of thiosulphate solution — 0:1 N 
.. ID2ml 0:1 N thiosulphate solution— 1:12 ml N soln. 


20 ml of Cu salt solution of unknown strength reacts with 1:12: 
ml of N thiosulphate solution. 


112 
so 20xS=112N; - sall2 
^ 20 


. Weight of Cu** ion present/litre =) 12* 685 — 3-556 om. 


Questions 
Long Answer Type : 


1. What do you mean by equivalent weight of an acid? How would you: 
prepare an exactly (N/10) solution of Na,CO, in the laboratory ? 
2. What do you mean by the following ?— 
(a) Acidimetry and Alkalimetry, (b) standard solution, (M. U. 1973 S; P. U. 
1976 A), (c) Normal solution, (d) Factor (P. U. 1976. A), (e) Indicator (M. U. 
1973 S) and (f) Normality of a solution. 


3. Describe the different methods for expressing the strengths of solutions. 
\ (B. U. 1970 A). 


Short Answer Type : 


1. Define ‘Normality.’ 
2. Find the equivalent weight of oxalic acid. [Ans. Oxalic acid (H,C.0,) is a 


Molecular weight 
Basicity 
3. Distinguish between molarity and molality. 
4. Show that the sum of the mole fractions of the solute and the solvent is- 
unity. 
5. How is it that although they are of the same strength yet 10ml of 5% NaOH 
solution do not exactly neutralise 10 ml of 5% HCI solution ? 


dibasic acid. Hence, equivalent weight = =90=45] 


Numerical Problems : 


1. 20ml of a solution of Na,CO, in water required 8.2ml of (N/10) HCI for 
complete neutralisation. Find the strength of NaCO, solution—(a) in terms of 
normality and (b) in gram per litre. [Ans. (a) 0:041 (N); (b) 2:173 g] 

2. How many ml'of a solution of decinormal potassium hydroxide will be 
required to neutralise 19:8 ml of a semi-normal HCI ? (Ans. 99 mI) 

3. 25 ml of HCl liberate 10 ml of CO, at N.T.P. when treated with excess of 
pure CaCO;. Calculate the normality of HC! solution. (Ans. 0°0357 (N)] 

4. What volume of a 5% solution of Na,CO; will be required to nautralise a 
litre of (N/10) H,SO, ? (Ans. 106 ml) 

5. A piece of magnesium ribbon is completely dissolved in 40 ml of (N/10) 
HCl. The excess of acid required 16 ml of (N/5) NaOH solution for complete 
neutralisation. Find the weight of magnesium. (Ans. 00128) 
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6. 2g of a mixture of NaCl and NH,CI is heated with 50 ml of (N) NaOH till 
NG, is driven off. The excess of alkali required 20ml of (N) H,SO, for neutralis- 
sation. What is the percentage of NH,CI in the mixture ? (Ans. 80:25% ) 

7. 10ml of (N/10) Na,CO, solution neutralised 7ml of dilute H.SO, How 
much water must be added to 100ml of the acid to make it (N/10)? (Ans. 42:857 


ml) 

8. 132 ml of 0'901 (N/2) NaOH neutralise 10 ml of #,SO, containing 
30702499 g per ml. Find the molecular weight of NaOH. (Ans. 40) 
9. What volume of N/2 HC/ must be diluted to give 2 litre of N/5 HCI? 
(Kurukshetra Univ. 1977) d (Ans. 800ml) 


10. 100 ml of 0'1 (N) sulphuric acid solution is mixed with 150 ml of OXN.) 
sulphuric acid solution. What is the normaiity of the resulting mixture ? [Ans] 
[Ans. 0'16 (N)] 
11. What amount of sodium hydroxide is present in 250 ml of its decinormag 
"solution ? (Na=23-0) Ans. 1g litre?) 
12. 20:0 ml of a solution of sulphuric acid neutralises 245 ml of a solution of 
sodium carbonate containing 2°65g per 100ml. How much water should be added 
to 100m! of the sulphuric acid solution to make its strength decinormal ? 
(Ans. 512:5 ml) 
13. Asolution of sulphuric acid (mole. wt.=98) containing 980 g of the acid 
per litre of solution has a density of 1:84 g/ml. Express the concentration of 
Solution in terms of normaiity, molarity, molality, mole fraction, weight percent 
‘and volume percent. (Ans. Normality=20 N; molarity=10 M; molality —11:3 ml 
Mole fraction acid — 0:173, mole fraction water —0:827; 
. Wt. per cent=53:2%; Vol. per cent=98%), 
14. An aqueous solution of NaCl contains 8:00g of the salt per 100 g of 
‘solution at 259C. Calculat the concentration of this solution on molal scale. 


(Ans. 1°486 m) 
"Objective Questions : 


1. The suitable indicator for the titration of a strong acid and a weak base is 
(i) litmus (ii) phenolphthalein (iii) methylorange (iv) phenol-red, 


2. The pH of solution obtained by complete neutra lisation Of acetic acid 
"sodium hydrozide solution will be RE 


(i) exactly 7, (ii) more than 7, (iii) less than 7, (iv) zero. 


An thetitration of oxalic acid with caustic soda solution the indicator 
used is 


(i) methylorange, (ii) methyl red, (iii) fluorescein. (iv) phenolphthalein. 


4. 100 ml of 02M CH,COOH are mixed with 50 ml of 0'2 M NaOH. The 
nature of the remaining solution is 


(i) highly acidic, (ii) highly basic, (iii) neutral, (iv) simply acidic. 
(PMDT 1977) 


5. 10ml of N NaOH is diluted to 100ml. The Strengtb of the diluted solution is 


(i) 10 N, (ii) 100 N, (iii) 0-01 N, (iy) ON 
6. The volume of N/10 NaO solution required to neutralise 10 ml of 01N 
HCl is 
(i) 10 ml, (ii) 1 ml (iii) 100 ml (iv) 20m 1. 
7. 10 ml N HCl is mixed with 20 ml N NaOH. The mixture will be neutralised 
by adding 
G) 10 ml N NaOH (ii) 20 ml NHCI (iii) 10m1 N HCI. 


4 8. 10 g of a base is neutralised by 250 ml N HCI. The equivalent weight of the 
ase 1S 


(i) 10, (ii) 40, (iii) 20. (iv) 30. 
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9. 500 m! N NaOH contains 
(i) 40 g NaOH, Gi) 1 gm eq. NaOH, (iii) 20 g NaOH. 
T 100 mi N-H,SO, reacts with 1'2 g of a metal. The equivalent weight of the 
metal is 
(i) 0°12, (ii) 24, (iii) 10, (iv) 12. 
as 34 Whatis the normality of T 39 (wt/wt-) HCI solution (mole. wt. of HCI— 
(i) 05, (ii) 3*0 (iii) 4.0* (iv) 2-0. (MDAT 1977) 
12. The molarity of a solution of sodium chloride (mole. wt.=58°5) in water 
containing 5°85 g of NaCl in 500 ml solution is 
(i) 0:25, (ii) 2:3, (iii) 1-0, (iv) 02 (v) 0'5. (MDAT 1980) 
13. When 14 g of phosphoric acid (Mol. wt. —98) is dissolved in 250g of water, 
the resulting solution will be 
(i) 0-11 Molar, (ii) 0°57 Molar, (iii) 0°19 Normal, (iv) 028 Normal. 
14. For correct results in all acid-base titrations the indicator must change 
colour at a pH : 
(i) slightly greater than 7, (ii) slightly less than 7, (iii) equal to 7, (iv) equal 
to that at the stoichiometric point. 
15. What will be the volume of a 5% solution of H,SO, required for the neutr- 
alization of 500 ml of N/3 NaOH ? 
(i) 245 ml, (ii) 24:5 ml, (iii) 2°45 ml, (iv) None. 
16. What volume of water must be added to a litre of 1:123 N acid solution to 
make it exactly normal acid solution ? 
(i) 12:3 ml, (ii) 123 ml, (iii) 1:23.ml, (iv) None of these. 
17. How many grams of Na,CO, is required to prepare 500 ml of N/10 
solution? 
(a) 53 g, (b) 10*6 g, (c) 265 g, (d) 1325 g. 
18. Oxalic acid is a dibasic acid, having molecular formula, H,C,0,. 2H,0. 
(a) What weight of oxalic acid is required to prepare 500ml of 0:1 molar 
solution ? 
(i) 12:6 g, (ii) 63 g, (iii) 45 g, (iv) 9 g. 
(b) What weight of oxalic acid is required to prepare 1000 ml of N/10 
solution ? 
(i) 9g, (ii) 12:6 g, (iii) 63 g, (iv) 45 g. 
19. What will be the volume of a 4% solution of NaOH required for complete 
aeutralisation of a 250 c.c. N/8 HCl 
(i) 3°125ml, (ii) 0:3125ml, (iii) 31.25ml, (iv) 3125 ml. 
20. What will be the normality of phosphoric acid solution (sp. gravity 1'426 
and containing 98% by weight of pure H,PO,) ? 
(i) 42:78 N, (ii) 4:278 N, (iii) 14:26 N, (iv) 4278 N. 
21. t will be the volume of a 8% soluti. 
e en i 30 c.c. Noo Na,S,03 4 non ne oak necessaty fonte 
(i) 31:87 ml (ii) 3:187 ml (iii) 0°3187 ml (iv) none of these, 
22. What will be the molarity of the phosphori i i ity = 
1.426 and containing 98% by MORES or ue TPO)? somon (pegas 
(i) 1426 M, (ii) 14:26 M, (iii) 1426 M, (n) none of these. 


o 


CHAPTER 11 


ACID, BASES AND SALTS 


Concepts of Acids and Bases : 


The terms acid and base apply to two different groups of chemi- 
cal substances with widely opposing sets of Characteristics. Some 
of the hitherto accepted concepts to explain the behaviour of acids 
and bases are discussed here. 


1. Arrhenius concept (1884)—In the light of this concept, an acid 
is defined as a substance that releases protons in aqueous solution, and 


a base is defined as a substance that releases hydroxides ions in 
aqueous solution. 


Acids : HCl +H+-+cCl- 
H,SO,> H++-HSO,- 
Bases : NaOH-» Na*--OH- 
Ca(OH)— Ca** --20H- 


A neutralisation reaction between an acid-and a base gives salt 
and water. 


HA + BOH > BA + HO 
(acid) ^ (base) (salt) (water) 


Many neutralisation reactions in aqueous solution can be pro- 
perly explained by Arrhenius equation. But this concept is, however, 
tied to the solvent water. Besides, the substances containing hydro- 
xide ions, there are many which show basic properties in aqueous 
solution. 

2. Solvent-System concept—In this concept, the solvent is capable 
of producing cations that correspond to the acid and anions that 
correspond to the base. For example, water is capable of producing 


H,0* and OH-. These two ions correspond to the Arrhenius acid 
and Arrhenius base. 


2H;0, =  H0* + 0H- 
(Arrhenius (Arrhenius 
acid) base) 


Ammonia undergoes autoionization in a way similar to water. 
NH,+-NH,=NH,* +NH,- 
Other solvents such as acetic acid and sulphuric acid are also: 
capable of under going autoionization. 


3. Bronsted-Lowry Concept (1923)—According to this concept, 
an acid is a substance that releases protons and a base is a substance 
that combines with protons. In other words, an acid is a proton- 
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donor, whereas a base is a proton-acceptor. 


Acid, =H* + Base; Se (65) 
Base;-- H^ Acid; ey 
Acid; 4- Bases Acid; - Base; .. (iii) 


The acid and base represented in equation (i) and (ii) constitute 
a cónjugate pair. That is, an acid forms its conjugate base by the 
loss ofa proton. Similarly, a base forms its conjugate acid when 
it gains a proton. Thus, Acid, and Base, are conjugate pair, and 
similarly, Base; and Acids are conjugate pair. 


Acid, + Base, Acid, Base, 
H,O+ + OH- = H,O + H0 
HCl + HO = HQ + Cr 
H,O + NH, = NU OO OH- 
HO + CO,--i= HCO +a OHY 
HO + HCO = H,CO, + OH- 


The conjugate base of a strong acid is weak. Thus, CI- ion, the 
conjugate base of the strong acid HCI, is a poor proton-acceptor. 


The conjugate base of a weak acid is strong. Thus, the weak acid 
H,O has a strong conjugate base OH-. 


Water behaves as a proton-donor as well as a proton-acceptor 
depending upon what else is present. With HCI, it acts as a proton- 
acceptor or a base, but with NH;, it acts as a proton-donor or 
an acid. 


HCl X H,O = HO} CIF 
(Acid) (Base) 
NH, + H,0 = NH + OH- 
(Base) (Acid) 

, The relative strength of an acid is a measure of its ability to 
donate a proton. Similarly, the relative strength of a base isa 
measure of its ability to accept a proton. Any two substances that 
compete to donate protons, the one that donates protons over the 
otber is more acidic. Thus, H,O in reaction with NH, is an acid, 
whereas H,O in reaction with HCI is a base. 


4. Lewis Concept (1923): Lewis defined an acid and a base as 
follows : 


An acid is a molecule or ion that can accept an electron-pair from 
another molecule or ion. 
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A base is a molecule or ion that can donate an electron-pair to an 
acid. 


Thus, an acid is an electron-pair acceptor and a base is an electron- 
_ pair donor. 


A co-ordinate covalent bond is formed when a Lewis acid reacts 
with a Lewis base. This is actually the neutralisation reaction. 


Examples : 
) 
H HE 
Hie :N: H—> H:N:H 
ij S 


H 
(Lewis acid) ( Lewis base) 


H* ion is neutralised by an ammonia molecule, Electron-pair is 
donated by NH, and accepted by H+. 


S CES HIER, 
je HN: + EXulp eee ANIE ABS: E: 
H sE Al. Bre 
(Lewis base) ( Lewis acid) Boron trifluoride 
ammonia 


[es] [a= 


An electron-pair from Oxygen of Calcium oxide is donated to 
Sulphur trioxide. 


Her 


(iv) An acid-base Cu** and NH; undergoes Lewis neutralisation 
by forming four co-ordinate bonds. 
ii) : +4 

H3N: d NH3 
Cutt + 4: NH,— Cu 


(Lewisacid) (Lewis base) UNY m 


Explanation : A Lewis acid lacks an electron-pair in an empty 
orbital, or it has an orbital that can be made available and a Lewis 


base has a non-bonding electron pair and it can supply this pair to 
another substance lacking in electron-pair. 
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Lewis Acids and Lewis Bases 


Acid Base Product 


m 
Q 
+ 
2 
B 
Y 


NH4*4-Cl 
A+ + 6H,0 —> [4/(H,0),]** 
BF, IF F- = BEE 

AuCl + CE: -> AuCl 


Si + XET -+ i SiBg- 


Lewis acids that accept an electron-pair are electrophilic. 
H,O is a stronger base than C/-. This is because H,O displaces 
CI- in supplying an electron-pair for the proton. 
HCI-4-H4,0 —H30* -- CI- 
H,O is a stronger nucleophilic agent than C/-. 
Oxides 
An oxide is a binary compound of Oxygen and another element. 
There are two classes of oxides—acidic and basic. 
An acidic oxide is one that dissolves in water to produce an acid. 
SO;-- H0 H.SOs 
SO;+ H40— H4S0, 
P,O -6H,0—4H3PO, 
CO2+ H,O>H2CO; 
The oxides SiOs, B30; etc. are insoluble in water. 
But they neutralise bases and are, therefore, acidic. 
SiO,--2NaOH ->Na,Si0;-+H,O 
B,034-2NaBOH —2NaBOs--H40 
Basic oxides are those that react either with water to form bases 
or with acids to produce salts. Thus, K,O, CaO and Al,O, are the 
parent oxides of KOH, Ca(OH), and Al(OH), respectively. 
Amphoterism 


There are some substances which behave both as an acid and a 
base. These substances are called amphoteric, and such a property 
is referred to as amphoterism. A/(OH); is one of such substances. 


A\(OH)3 
(as anacid) (asa base) 


H3A103 A\(QH)3 
3H*- A037 7 Al***-- 30H7 
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The amphoteric character of Al(OH), depends on whether a 
stronger base or a stronger acid is used. If a stronger base (iet. 
NaOH) is used, aluminium acts as an acid and it appears in the 
Er AKOH),4-NaOH —-Na4lO, 4-2H,O 

In case, a stronger acid (i.e., HCI) is used, aluminium acts as a 
base and it appears in the cation. 

AKOH),--3HCI- AICI,--3H,0 

The amphoteric property is shown by hydroxides of metals like 
Zn, Cr, Pb and Sn, in addition to Al. The cause of amphoterism of 
an oxide or hydroxide is the central atom X in the system X—0O-—H. 
The central atom X possesses an ionisation potential which allows. 
both X—O and O—H bonds to break with equal facility. 


xioiH 
If X—O bond breaks, the substance acts as a base, but when 
O—H bond breaks the substance acts as an acid. 


The ions whose ionisation potentials lie 


within the range 3:5 to 
9'5 tend to be amphoteric. 


Salts 


Def.—A salt is a compound 
replacement of the replaceable 
mol cule of an acid b 


produced by the partial or tota] 
H atom or atoms present in the 
y a metal or a group of elements acting as a 


metal. 
cust 
HSO; —-NaHSO, 
Na (Sodium hydrogen sulphate) 
—2H: 
H380,— —— — Na, 


SO, 
-F2Na (Sodium sulphate) 


m 
H,80,— — ÁNH,HSO, 
+H) (Ammonium bisulphate) 
—2H 
H3SQ,——— —7(NH,SO, 
+2NH, (Amm. sulphate) 
Preparation of salts—A salt is the product of the reaction bet- 


ween an acid and a base. Some of the methods for the preparation 
of salts are given below : 


(i) By the direct reaction between metal and an acid. 


Zn--H,SO,—ZnS. O,4-H, 
Mg--2HCI —MgCl;4-H; 
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(ii) By the reaction between a base and an acid (nentralisation 
reaction). 
CaO+ 2HCI + CaCl, +H20 
NaOH+ HNO;—~NaNO,;+-H.O 
(iii) By the direct union between a metal and a non-metal. 


2Na--Cl,—2NaCl 
Fe+ S —FeS 


(iv) By the union between an acidic oxide and a basic oxide. 


CO,+ CaO —CaCO; 
SO;-- Na,O-—NasSO, 

(v) By reaction between a metal and a base, for example, when 
zinc is boiled with caustic soda solution, sodium zincate is pro- 
duced. 

Zn--2NaO H —NasZnO;-- Hs 

Classification of salts—Salts are of following types 


(i) Normal salt—A salt which is formed by the total replacement 
of the replaceable H-atoms present in the molecule of an acid by a 
metal (or a group) is Known as the normal salt. Thus, NasSO,, 
(NH4SSO, etc. are normal salts. 


(ii) Acid salt—A salt formed by the partial replacement of the 
replaceable H-atoms present in the molecule of an acid by a metal 
(or group) is known as an Acid salt. Thus, NaHSO,, NH,HSO, etc. 
are acid salts. 


Barium acid arsenate (BaHAsO,), Sodium dihydrogen phosphate 
(NaH,PO,), Cupric biarsenite (CuHAsO;) and Potassium bitartrate 
(KHC,H,0,) are also acid salts. 

(iii) Basic salt—A basic salt is formed when an acid reacts with 
alarger amount of a base than is necessary for the formation 
ofa normal salt. Thus, CaCO, 2PbCO,.Pb(OH), etc. are basic 
salts. Basic aluminium acetate, 4/(OH)(C,H30,), Basic copper 
carbonate, CUCO;.Cu(OH),; Basic ferric acetate, Fe(OH)(C,H302)s 
etc. are also basic salts, 

(iv) Mixed salts—Mixed salts are formed from partial neutralisa- 
tion of an acid with one base followed by further neutralisation by 
another base. 

Example : Na(NH;)HPO,, LiKCOs, KMgPO, etc. 
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Basicity of an acid—The basicity of an acid is measured by the 
number of replaceable Hydrogen atom or atoms present in a molecule 
of the acid. 

Example : 

ee ee 


acid | Mabey of Replace asic 
HC! 1 1 
HNO, 1 1 
H,SO, 2 2 
H;PO, 3 3 
HCOOH i| 1 1 


CH,COOH 1 1 
Lu 
vili docs aspe | 


An acid containing one replaceable H atoms in a molecule is 
called a monobasic acid. For example, HCI, HNO,, HCOOH (formic 
acid), CH,COOH (acetic acid) etc. are monobasic acids. 

Acids containing! two replaceble H atom 
as dibasic acids. For example, H,S0,, 
are dibasic acids. 


Similarly, H,PO, (Phosphoric acid) is a tribasic acid, 

Acidity of a base—The acidity of a base is measured by the num- 
ber of hydroxyl groups present in a molecule of the base, 

Monoacidic bases : NaOH, KOH etc. 

Diacidic bases : Cu(OH)s, Ca(OH), Zn(OH) etc. 

Triacidic bases — : Bi(OH),, AIOH),. 

For bases containing no hydroxyl group, 
by the number of molecules of the base req 
one molecule of a monobasic acid. 


CaO + 2HCI->CaCl, + H,0 


Here, 1 molecule of CaO reacts with 2 molecules of HCI. This. 
means, 1 molecule of CaO is equivalent to 2 molecules of HC], As 
HCl is monobasic, CaO most be diacidic. Acidity of CaO is, there- 
fore, two. 


s in a molecule are known 
HsC;O, (oxalic acid) etc. 


the acidity is determined 
uired to just react with 


Ionic Equilibria 


Water is the most common reaction medium in chemistry. Many 
Water-soluble substances form aqueous solutions that contain ions. 
€ formation of ions in solution is attributed to two sources : 
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(i) Ions already exist in the pure solute. For example, Sodium 
chloride (NaCl) solid is made up of Na+ and CF ions. When it is 
dissolved in water, the Nat and CI- ions become separated from 
each other. The energy needed to do this is supplied by the energy 
of hydration of these ions by the water. 

Na*Cl-(s) + H.O =Nat*(aq)+Cl-(aq) 

(ii) The solvent chemically reacts with the solute. The chemical 
bonding of the soulute is, thus, broken. For example, hydrogen 
chloride(H—Cl)is a gas under ordinary conditions. Itis composed of 
covalent molecules. When HCI gas is dissolved in water, the HCI 
gives up its proton to water forming hydroxonium ion, H,O+. Hence, 
a solution of HCl in water is made of the hydrated ions, H,O+ and 
Cl- ions. 

HCl 4 H,O=H,0++Cl- 

Both of the above processes are equilibrium processes. There 
exists a condition of equilibrium between the ions in solution and 
the unionised molecules. 

Complete ionisation—Strong electrolytes are completely ionised in 
aqueous solution. For example, HCI and NaOH become comple- 
tely dissociated into ions when dissolved in water. 

HCl--H,0-H40*4-ClI- 
NaOH(s) + H,O —Na*(aq)--O H-(aq) 

These two reactions go to completion. Hence, we do not use an 
equilibrium constant for them. 

Partial ionisation—Weak electrolytes are only partially dissocia- 
ted into ions. Acetic acid is a weak acid. It dissociates into ions 
to the extent of about 1% in aqueous solutions. The equilibrium 
constant concept may be applied to it. 


CH,COOH + H,0=H,0++CH,COO- 
y Uho*1xICH, COO 
[CH;COOH] x [H,0] 


The concept of equilibrium may also be applied to slightly solu- 
ble salts like AgCI, PhCrO,, CdS etc., even though they are comple- 
tely ionised in aqueous solutions. 


Ostwald's Dilution Law 
The dissociation of acetic acid may be represented/as 


CH,COOH=H* +CH,COO- 
Initially : c 0 0 
At equil. : c(1—a) ca ca 


Let c moles of acitic acid be dissolved per litre[of an aqueous 
solution. Let a be its degree of dissociation. Then, at equilibrium 
concentration of undissociated acetic acid — c(1— a) i3 
concentration of H+ ions— ca 


concentration of CH,COO- ions — ca 
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Ete ile ca ca c a? 

R. onstant, K= EAE AS 

E Equilibrium con. ALG (=a) eee) 

This is the mathematical expression of Ostwald’s dilution law. K 
is called the dissociation constant of the acid. It is constant at a 
given temperature. 


If a is very small then 


K-—ca* 


: Nei 1 
Tte: a= jŠ; or aoc Te 


i.e., the degree of dissociation of a very weak acid or any weak 
electrolyte varies inversely as the square root of concentration. 


The Ostwald’s dilution law is found to hold good for weak 


electrolytes. The law, however, fails when applied to strong eleciro- 
lytes. 


Ionic Product of Water : 


Water is a very weak electrolyte. It dissociates very slightly into 
H* and OH- ions 


H,O-H*--OH- 
Applying the Law of Mass Action, we have 


" us 
m ERDAL, or  [H*]X[OH-] - K[H50] 
2 
; As the dissociation of water occurs only slightly, the concentra- 
tion of undissociated water may be taken as constant. Hence, 
(H*] x [OH-]=K,,. 


The constant Kw is known as ionic product of water. The value 
of Kw at 25°Cis 1 x 10-14, 


Neutral, Acid and Basic solutions : 


In pure water, [H*] -[OH-] — 1 x 10-7 mole/litre. 
In acidic solution, [H*]>[OH-], i.e., [H*] is greater than 10-7 
mole litre, 


i In alkaline solution, [H*]< [OH], i.e. [H*] is less than 10-7 mole 
itre-1, 


. However, the value of Ky is the same, whether the solution is 
acidic, alkaline or neutral. 


The pH scale : The acidity or alkalinity of a solution is express- 
ed by pH. The PH of a solution is defined as logarithm of the 
reciprocal of hydrogen ion concentration, expressed in mole litre. 
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Thus, 

1 
{H*] 
For pure water, [H*] — 1077. 
<.  pH--logl0-'— —(— 7) logl0=7. 
For pure water or neutral solution pH =7. 


For acidic solution pH<7. 
For alkaline solution pH>7. 
"The smaller the pH of a solution, the greater the acidity. 


1 
[OH-} 
pH-+-pOH = 14:00 (at 25°C). 
I fthe pH of a solution is 4, its pOH —14—4— 10. 
The smaller the pOH, the greater the alkalinity. 
"The following table will make the above relation clear. 


pH-log 


= —log [H*]; or [H*]- 1077p€ 


‘Similarly, pOH-log =—log[OH-] 


[H+] mole litre | mol is pH | pOH 

10° 10-1 0 14 | Strongly acidic 

| 10-1 10-38 1 13 
1073 10-1: 3 11 
10-5 10-9 5 9 | Weakly acidic 
10-7 1077 7 7 | Neutral 
Jie 10-5 9 5 | Weakly basic 
1074 10° 14 0 | Strongly basic 


i 
pK Notation : The pK, is defined as 


pK, —log-k— = —logK,. 


pK, is often used to express the strength of an acid or base. 
Thus, an acid whose ionisation constant is 10-* has a pK, —4. 
Similarly, pKs — — log Ks. 
Numericals 
1. The ionisation constant of formic acid is. L'8:xx 10-4, What is 
he percentage ionisation of a 00010 M solution of this acid ? 


Solution : HCOOH=H*t+HCOO- 
(00010—x) x x 
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Let equilibrium concentrations of H+ and HCOO- ions be x each. 
LECOOH]- (0:0010— x) 


Kk ..Ur]x[HCOO] | xxx 
x [HCOOH] (0:0010 — x) 


2 
= (assuming x to be very small). 


k cm EEN 
1°8 x 10- O00? 


or x=4'2x 10-4, 


or x?=0:0010x 1'8 x 1074 


iohisaH 42x10 
.'. Percentage ionisation = e 
ge ionisation 00010 x100 


= 42x104 x10°=42%,. 


2. Calculate the pH value of. 4:9xc 10-4 N acid, assuming com- 
plete ionisation. 
Solution : [H+]= 4:9 x 10-4 mole litre 
1 
Hlo Sn 
Pitos igya 
=4—0:69=3:31. 
3. The pH value of a solution is 4, calculate the hydrogen ion 
concentration of the solution, 
Solution : [H+] = 10-71 — 19-4 mole litre-1, 


71og10! —10g4:9 


Common Ion Effect : 


When a solution of a weak acid or a weak base is treated with 
some ions common to the acid or base, the degree of ionisation 
of the acid or base is suppressed. For example, if some acetate 
ion (as sodium acetate) is added to a solution of acetic acid, the 
ionisation of acetic acid is considerably reduced. 


CH,COOH +-H,O=H;0* +CH,COO- . ow 

CH,COONa->CH;,COO- + Nat < d) 

CH,COO- ions from the ionisation of CH,COONa increase the 

concentration of CH,COO- ions in solution. As a result, the reaction 
represented by equation (i) is reversed. 
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Similarly, if to a solution of NH,OH some NH;* ions are added: 
in the form of NH,CI, the ionisation of NH,OH is suppressed to a. 
large extent. 
NH,OHSNH; + OH- 
NH,Cl+NH,*++Cl- 
The effect on the ionisation of the acid or base on the addition of 
the common ion is known as the Common Ion Effect. 


Strength of Acids and Bases 


An acid is a proton-donor whereas a base is a proton-acceptor.. 
A substance may act as an acid under one set of conditions and as: 
a base in another. The competition for protons between two sub-- 
stances determines their relative strengths as acids or bases. 


The following factors determine the relative strengths of acids. 
and bases : 


1. Ionisation Constant—An acid H 4A dissociates as 
HA=H*-+ A- 
~ [IH*1x[4-] a 
E i = sl Gy 
A [HA] (ip 
where, K, is the dissociation constant of the acid HA. 
A base dissociates as 


BOH=B*+OH- 
— [8*)x[OH] ii 
Ks S OR . (y 


where, Ky is the dissociation constant of the base BOH. 

It is clear from equation (i) that higher the value of [H^], the 
greater the value of K,. The acidic strength will, thus, be greater. 
For example, the values of K, for acetic acid and formic acid are 
1:8x10-5 and 1°8x10~ respectively. Hence, formic acid is stronger: 
than acetic acid. 


Similarly, equation (ii) indicates that higher the value of [OH-],. 
the greater the value of Ky. The basic strength will thus be greater. 
For example, the values of Ks for NH4OH and pyridine are 1:81 x 10-5 
and 1:30x 107? respectively. Hence, the basic strength of NH,OH 
is greater than that of pyridine. 
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K, for Acids 
—— EE gE eee 
Acid Reactions Ka at 25°C 
CH,COOH CH,COOH+ H,O=H,0++CH,COO- 1:8X 10-5 
HCOOH HCOOH+ H,O=H,0++HCOO- 18x 10-8 
HCN HCN+ H,O=H,O++CN- 48x 10-1 
HF HF+ H,O=H,0++-F- 68X 10-* 
HNO, HINO,+ H,OzSH,0*-4- NO,- 45x10-* 
. H,CO; CO;-2H,Os3 H0*--HCO;- 4:3x 10-7 
H,PO, H,PO,+ H,OH,0++H,PO- T 5X 107 


—————MÓÉde t 


K; for Bases 


a aaaaŘaaaaaaaasmħĖōŐĖŮ 


Bases Formula Kg at 25°C 
Ammonia NH,OH 1:81X 10-5 
Dimethlyamine (CH,).NH 512X 10-* 
Ethyl amine C,H;NH, 5°60 10-4 
Pyridine C.H,N 1:30 10-9 
Urea CO(NH,), 1°50 10-14 


UU———————————————— 


2, Strengths of Hydracids (HX): 


The strengths of hydracids depend upon the following factors : 


(i) Size of the atom forming the anion. 
(ii) Oxidation state of the non-metal. 


In H—X,asthesize of X increases, bond strength decreases, 
making loss of a proton easier. The order of acidic strength is thus, 


HF« HCl « HBr « HI 
H,0 « H58 « H,Se « H,Te 


Electronegativit y increases appreciably from left to right within a 
period of the periodic table. „Higher the electronegativity of the 
central atom, greater the acidic strength. Electronegativity of N < 
that of O « that of F. Hence, the hydrides of monoatomic anions 


in period 2 have acid strengths in the order 
NH,« H,O« HF 
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In period 3, we have 
PH3« H,S« HCI 


The acidic strength of 750. is greater than that of H,0: 


H3041 H;,0-* 
i The oxygen atoms in H,O have oxidation states — 1 and —2: 
respectively. The negative charge on oxygen atom in H,O is thus. 
greater than than that in H,0,. Hence, H* in H,O is strongly held. 
to O than H* ion in H30». 
Acidic strength of H0; the acidic strength of H,O. 


Strengths of Oxy-acids : 
(i) From the effective charge on O atom— The charge of the aniom 


in oxy-acids may be regarded as distributed uniformly on all O-atoms. 
The charge present on an O-atom is called effective charge. 


Examples : 
Acid anion effective charge 
HCIO (CIO) —1 
HCIO, (CIO) —i 
HClO, (CIO;)-3 -i 
HCIO, (CIO) =a 


The higher value of effective charge indicates a stronger bond 
between H and O. Hence, in aqueous solution less H+ ions will be 
produced. This means, acidic strength will be weak. Thus, in above 
cases, the order of acidic strength will be. 


HCIO < HCIO, < HCIO;« HCl, 
Strengths of Bases : 
(A) Hydra bases : 
(a) Smaller the value of the atomic radius, greater the basic 


strength of the base. 


(b) Smaller the amount of the oxidation state, greater the basic: 
strength of the base. 
*. -Basic strength of NH; > Basic strength of PH, 
» » WEIN D ». NH. 
. (B) Hydroxides, M(OH);: (a) Greater the radius of M, the 
higher the basic strength. Hence, 


NaOH- KOH « RbOH 
Ca(OH) « Sr(OH)s « Ba(OH)s 


(b) Lower the oxidation number of M, higher the basic strength, 
NaOH > Ca(OH), - 
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Questions 
"Long Answer Type : 
1. Givea definition of an acid and a base according to the Bronsted- 


"Lowry concept. Give two examples in each case. (B. U. 1977) 


2. Define with suitable examples the terms acid and base in the light of 
Lewis electronic concept. 


3. Explain why water behaves both as an acid and a base. 
4. What do you mean by a conjugate pair ? 


5. Give a definition and an example of an amphoteric substance. Discuss 
‘the cause of amphoterism. 


6. Deduce Ostwald's dilution law. 
7. Arrange the foilowing acids in the c rder of increasing acidic strength : 
HCIO, HCIO;, H,SO;, H,PO,, HF and HNO,. (B. U. 1974) 


8. Whatis the difference between dissolving HCI and dissolving NaCl in 
“water in terms of the formation of ions ? 


9. (a) What is Lewis’s concept of acids and bases ? 
(b) Classify the reagents in the following reactions among acids and bases : 


H M H F 
@ HER = nh. ben (ii) H++H,O: —(H,O*) 
kk do 


(B. U. 1975) 
‘Short Answer Type : 
1. Write equations to show the autoionisation of the following substances 
‘acting as solvents in acid-base reactions according to the solvent-system concept : 
H;PO,, HCOOH, H,N C,H, NH, 


2. By means of the Lewis concept, show by electron-dot formulae how 
seach acid-base pair may neutrulise each other : 


Acid Base 
H+ Om 
BF, NH, 
AL H,O 
SO, OH- 


3. Give the Lewis definition for an acid. 


4. What is a neutralisation reaction in the light of Bronsted-Lowry 
concept ? 
5. Define acidic oxide and basic oxide. 
6. Chose which of the following are acidic and which are basic oxides : 
SO,, CaO, P,O, N,0,, Na.O 
7. What do you mean by the pH of a solution ? 
8. “Sulphuric acid is a dibasic acid”. Explain. (B. U. 1973) 
9, Explain why HFis not as strong an acid as HI even though the elec- 
[ &ronegativity of fluorine is the highest of all the elements. 


10. Arrange the following in the order of increasing acidity (write the 
weakest acid first) : 


HOCI, HOI, HOBr (LI.T. 1978) 


- .,4L. State what will happen if to a solution of acetic acid some hydrochloric 
acid is added. 


ACID, BASES AND SALTS 223 


Numerical Problems : 


1, Calculate the concentration of hydrogen ions in 18 g of water. 
2. The pH value ofa solution is 4, Find the [H+] and [OH-] in the 
solution. 


3. What will be the pH of a solution in which [OH-] at 25°C is 66x 10-5 
mole litre-1 ? 


4. A solution contains 0°18 g of HCI per litre. Assuming complete ionisation 
-of HCl, find the pH of the solution. 


5. The dissociation constant of acetic acid is 18X 10-5, Find the degree 
-of dissociation of acid in a N/10 solution of it. 


Objective Questions : 


(A) 1. Which of the following is the strongest acid ? 
(i) CH,COOH, (ii) CH,Cl COOH, (iii) CHCl,COOH, (iv) CCI,COOH. 
2. Which one of the following is the strongest acid ? 
© HCIO, (ii) HB,O,, (iii) HCIO, (iv) HCIO, 
3. An aqueous solution of ferric chloride is 
(i) acidic, (ii) alkaline, (iii) neutral, (iv) amphoteric. 
4. The decreasing acidic strength of HCIO,, HCIO;, HCIO,, HCIO is 
(i) HClO,>HCIO 7 HCIO, HCIO,. 
(ii) HCIO,>HCIO »HCIO;- HCIO,. 
(iii) HCIO, 7 HCIO, 7 HCIO, 7 HCIO. 
(iv) HCIO,>HCIO,>HCIO 7 HCIO,. 
5. Which of the following is the strongest acid ? 
@) HCIO, (ii) HBrO, (ii) HIO, (v) H,CO;. 
6. Which of the following is a dibasic acid ? 
@) HCl, (i) HSO, (iii) H,PO, (iv) HNO,. 
7. An acid is a substance which has got 
(i) pH less than 7, (ii) pH greater than 7, 
(iii) pH equal to 7, (iv) none of these. 
8. According to Arrhenius theory, an acid is defined as a substance which 
contains 
(i) H+ ions in aqueous solution. 
(ii) H,O* ions in aqueous solution. 
(iii) OH- ions in aqueous solution. 
(iv) HCI in aqueous solution, 


9. According to Bronsted-Lowry concept, an acid is a substance which 


(i) accepts protons, — (ii) donates protons, 
(iii) accepts electron-pair, (iv) donates electron-pair, 
10. Cut*ionisa 
(i) Lewis base, (ii) Lewis acid, 
(iii) metal, (iv) Bronsted acid. 
41. A Lewis base isa substance which can 
^" (i) accept an electron-pair, (ii) donate an electron-pair, 
(ii) donate protons, (iv) donate H,O* ions, 
12. In the reaction, HBr-+-H,O=H,0+-+-Br, Br- ion is called 
(i) Conjugate acid of HBr, (ii) Conjugate acid of. H,0., 
(iii) Conjugate base of HBr, (iv) Conjugate base of H,O+, 


13. Which of the following salts is insoluble in water ? 
© CsCl, Gi) BaCl, (iii) CaCh, (iv) PbCh, (v) MgCh. (PMDT 1978) 
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14. Potash alum is a 


(i) simple salt, (ii) complex salt, i 
(iii) double salt, (iv) acid salt. (PMDT 1976) 
15. Which of the following dissolves in water to give a neutral solution ? 
(i) (NH,).SO,, (ii) Ba(NO;),, (iii) CrCl, 
(iv) CaSO, (v) NuOH. (MDAT 1980) 
16. HCl reacts with water according to the equation 
HCI-- H0—-H,0*4- Cl- 


Here, HC! acts as 
(i) Lewis acid, (ii) Lewis base, (i) Bronsted acid, (iv) Bronsted base. 
17. In the reaction of NH, with water, the latter acts as 
(i) Lewis base, (ii) Lewis acid, 
(iii) Bronsted base, (iv) Bronsted acid. 
18. The conjugate acid of NH, is 
G) Water, (ii) HCl, (iii) NH,;*, (v) OH-, 
19. Which one of the following is a Lewis acid ? 
(i) AlCl, (ii) N.Hs, (iii) PHa, (iv) CI-. 
20. Acetic acid is a weak acid because 
(i) its aqueous solution is acidic. 
(ii) it is highly ionised. 
(iii) it is weakly ionised. 
(iv) it contains a — COOH group. 
?1. Glauber salt is 
(i) acid salt, (ii) mixed salt, (iii) neutral salt, (iv) basic salt, 
22, Carnallite is a 
(i) mixed salt, (ii) double salt, (iii) complex salt, (iv) normal salt. 


23. Arrangement of NHs, H,O, PH, in the order of decreasing basicity is 


(i) NH, PH,» H;O, (i) NH, H,0PH;. 
(iii) PH, > NH; H,O, ÜV) H,O> PH, NH.. 
24. The aa of increasing acidic nature of HI, HNO,, HNO, is 
(i) HNO,> HNO, > HI, (ii) HNO,>HNO,> HI, 
(iii) HI» HNO,  HNO,, (iv) HNO,>HNO,> Hi, 
25. The order of increasing acidic nature of NO,, CO,, SO, is 
(i) NO,« CO, « SO;, (ii) CO, NO, —SO,, 
(iii) CO, SO, C NO;, (iv) none of these. ^ 
26. The order of increasing basic nature of KOH, Mg(OH),, NaOH is 
(i) Mg(OH), « NaOH — KOH, (ii) NaOH < Mg(OH),< KOH, 
(ili) KOH < NaOH < Mg(OH)», (iv) Mg(OH),< KOH < NaOH. 
27. Which of the following is a cationic complex ? 
(i) K[Ag(CN),], Gi) IFe(H,O),NO], SO, 
(iii) [Cu(NH3),SO,, (iv) none of these. 


28. A salt containing a higher proportion of the base is known as 
(i) Acidic salt, (ii) Normal salt, (iii) Basic salt. 


29. The reaction Pb(OH).- HNO,—Pb( OH)NO,+H,O shows that 
Pb(OH) NO, is: 


(i) A base, (ii) Anacid, (iii) A basic salt; (iv) An acidic salt. 
30. The conjugate base of sulphuric acid is 
(i) sodium hydroxide, (ii) hydrochloric acid, (iii) bisulphate ion, HSO,-. - 
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31. A base is a substance which 


(a) accepts protons, (b) donates protons, 
(c) donates electrons, (d) accepts an clectron-pair. (B. U. 1979) 
32. H,SO,+-H,O—-HSO,-+H,0+ 


HSO,---H,0—H,0t-4-SO,-— 
Here HSO,— behaves as 


(a) an acid, (b) a base, 

(c) both as an acid and a base, (d) neither asan acid nor a base. 
33. Partial neutralisation of a polybasic acid gives. 

(i) acid salts, (ii) basic salts, (iii) neutral salts, e 


(iv) mixed salts, (v) double salts. 
34. In the following reaction 
AICI, +CI-—>-AICI-, 
AICI, can be considered to be 
(i) a Lewis acid, (ii) a Lewis base, (iii) a salt, 
(iv) a cation, (v) none of these. , 
35. Strongest base among the following is 
(i) Mg(OH), (i) Sr(OH),, (iii) Ca(OH)», (iv) Ba(OH),. 
36. Aluminium hydroxide behaves as 
(i) oxidising agent, (ii) reducing agent, 
(iii) basic substance, (iv) amphoteric substance. 
(B) Write T for true statement and F for false statement in the following : 
5. Lewis acids are electrophiles. 
6. Na,SO, is an acid salt. 
7. An acid is a substance which releases protons. 
8. The ionic product of water (Kw) is a constant at all temperatures. 
9. The acidic strength depends on the capacity of a substance to furnish 
hydrogen ions in aqueous solution. 


000 


INTR. CH.-15 


CHAPTER 12 


CHEMICAL EQUILIBRIUM 


Chemical reactions can be divided into two classes : 
(i) IrreverSible and (ii) Reversible. 


Irreversible Reactions—Reactions which proceed completely in 
one direction only are called irreversible reactions. 


heated. 
2KCIO,-—-—-2KCl +30, 


Reversible Reactions—Reactions which proceed in both the 
forward and the reverse directions appreciably are called reversible 
reactions. 


Hah æ 2HI 
Na+3H; = 2NH, 


Equilibrium—We know that the rate of a chemical reaction is 
directly proportional to the product of the molar concentrations of 
the reacting species. 


Let us consider the reaction, 
A+B = C+D. 


Initially, the molar concentrations of C and D are, nil. When 
reaction starts, the concentrations of A and B gradually decrease, 
whereas those of C and D increase. The reverse reaction also starts 
then. As time passes on, the rate of the forward reaction goes on 
decreasing, whereas the rate of the reverse reaction goes on increa- 
sing. A stage is eventually reached in which the rate of the forward 
reaction becomes equal to that of the reverse reaction. Under this 
condition, the composition of the reaction mixture becomes constant 
and does not change with time. Such a condition of a chemical 
reaction is called Chemical Equilibrium. Thus, the state of a chemical 
reaction in which the rate of the forward reaction becomes equal to 
that of the reverse reaction, is called chemical equilibrium. 


In equilibrium, the reaction appears to have Stopped. But this 
isnotso. Reactions in both the directions go on undisturbed, but 
with equal speed. Hence, a chemical equilibrium is also known asa 
Dynamic Equilibrium. 


Characteristics of Chemical equilibrium 


(i) In a state of chemical equilibrium the forward and the reverse 
reactions occur at equal speeds. 
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(ii) In this state the composition of the reacting mixture becomes 


fixed, i.e., the concentrations of the reactants and the 
? ATE rod 
not change with time. prequets ao 


The Law of Mass Action 


In 1867, Guldberge and Wage stated the famous Law of Mass 
Action as follows— 

The rate of a chemical reaction is proportional to the product of 
he active masses of the reactants. 


Active Mass—The term active mass may be taken as equal to 
molar concentration, i.e. number of moles of the reacting substance 
present perlitre. The active mass of a solid is taken as unity. 


The Equilibrium Constant 

Let us consider the following reversible reaction occurring at a 
constant temperature : 

A+B = C+D 

Rate of the forward reaction o[A] x [B] 

or r=, [A] x [B] 
where K, is the proportionality constant, known as the rate constant 
of the forward ‘reaction. 

Rate of the reverse reaction cc[C] X [D] 
ra ks [C] X [D] 
y constant, known as the rate constant 


or 
where Ks is the proportionalit 
of the reverse reaction. 
At equilibrium, r; —7s: 
M CIx[D].. k 
- [A] x [B]= ky[Clx [D], or ICIxID] 4 
k[4]x[B]=ka[C1x ID] oxla eK 
Kg is called the Equilibrium Constant of the reaction. 


The equilibrium constant is, thus, the ratio of the rate constant 
of the forward reaction to the rate constant of the reverse reaction, 


i.e., Ko ES . 
Itisa constant for every chemical reaction at a given tems 
perature. 
For the reaction, 24+B=C+ D, it is given by, 
g,- IC1xtp1 


PB] 
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In general, for the reaction represented by 
aA+bB = cC+dD, 
the equilibrium constant will be expressed by 


[Cx [DI 
[4x [BP 


o= 
Relation between Ko and K, : 


For gaseous reactions, it is useful to apply partial pressures 
instead of molar concentrations. The equilibrium constant is then 
denoted by Kp. 


Let us consider the general gaseous reaction represented by 
aA+bB = cC+dD 
Kas Pê X Po? " 
Da X ps? 
Ko would be given by the expression 


_ Coe x Cpt i 
E OR e Gi) 


P and-C.stand for partial pressure and molar concentration 
respectively. 


Assuming that the gases behave ideally, we can write 


pV-nRT; or »-(z)nr- CRT. 


(i) 


;. Partial pressure of A, (p,)=C,RT. 
Similarly pp=C RT, p,— CoRT, po = CRT. 


— (CRT x (C RT)? 
Pgh ER (CART) x (CERT) 


bA Ctx Cyt )x (RT)e+4 
C, x Ca? (RT) 
=Ko x (RT) C+a)-(a+b) 
Å . 
=Kox (RT) > [Ax=(c+d)—(a+b)] 
Ax=(Number of moles of products) — (Number of-moles of 


A reactants). 
Thus, wheh there is no change in the number of moles conse- 
quent to a chemical reaction, i.e., when Ax=0, then Kp=Ko. 

Unit of K 


i 


The value of K is independent of the molar concentrations of the 
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reactants and the products but changes only with change in tempera- 
ture. K has no units, i.e., it is dimensionless if there occurs no 
change in the number of moles in the reaction. For example, in the 
reaction 


H; (g) +12 (g)=2HI (e) 


(ap (mole litre)?_____(mole litre)? 
[He] x [Zz] mole litre? x mole litre (mole litre)* 


K 


But when there is change in the number of moles, K will have 
units. For example, in the reaction 


iz . x__ INH]? 
N,(g) -3H«g)22NHs(g; K= TAKILAN . 


(mole litre)? l 
mole litre! x (mole litre-?)* 


.. Unit of K= 


Unit of K will be mole-? litre?. 

Usefulness of the Equilibrium Constant (K)—The equilibrium 
constant is a measure which indicates the extent to which a chemi- 
cal reaction may occur before the equilibrium is attained. 

Example : (i) 2H,0(g)=2H,(g) + O(g) 

K=1:35x 107 mole litre“. 


The value of K is very small. Hence, the amounts of H, and Os 
will be negligible before the equilibrium is reached. This means 
that the reverse reaction is almost complete. That is why, a 
mixture of Ha and O, is dangerously explosive. 

(ii) 20,(g)=30.(g); K= 10° mole litre at 25°C: 

A large value of K indicates that the reaction goes virtually to 
completion at 25°C. 


Types of Chemical Equilibria 


There are two types of chemical equilibria : 
1. Homogeneous equilibria: In such equilibria, all the react- 
ants and the products are in the same phase. 
Ns (g)--3Hs (e)=2NH; (g) 
203 (g)230. (g) 
H; (g) +I (g) 22HI (g) 
2, Heterogeneous equilibria : In such an equilibria, the reactants 
and the products are found in two or more phases. 
CaCO; (s)=Ca0 (s) + CO; (g) 
C (8) +H20 (2) CO (g)+Ha(8) 
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Homogeneous Equilibria 
(A) The Gaseous Systems : 


Type I: The Gaseous system in which the number of moles remains: 
unchanged. 


H, (g)-- I; (g)=2HI (g) 
Ns (g)+ Os (g)=2NO (g) 


Formation of Hydrogen Iodide : 


H: (e)+7 (g)2HI (g) . 
a b (initially) 
(a—x) (b—x) 2x (at equilibrium) 
Let a moles of H, and b moles of I, be present in V litre. At 
equilibrium, x mole of H; and x mole of Jz combine to form HT. 


Equilibrium molar concn. of Ha “+ 


Equilibrium molar conen. of pote! 


Equilibrium molar concn. of HI sa 
Applying the Law Mass Action, 
K= H (2x/V)? 4x? 


[Hx] a-x [bx (a—x)(b—x)' 
TAAA 


In terms of partial pressures— 


Ay (g) + T,(g) = 2HI (g) 
b mole 


a mole 


si (initially) 
(a —x) mole (b—x) mole 2x mole (at equilibriump 
Total number of moles at equilibrium 2 a— x--b —x 42x 
=(a+b). 


Let the total pressure of the system be P, 


Partial pressure of He (Py, cem P 


i b—x 
P. t EL 
artial pressure of J;, (rr, ab P 


CHEMICAL EQUILIBRIUM 231 


, _ ox 
Partial pressure of HI (pau) FEBS pi 
2x y 
z Pus acb' 
| ? PRXBQO fa—x b—x 
| SEC IDEO 
| b 4x? 
| ~ a-30-3) 
Thus, Kp=Ke. 
, Formation of Nitric Oxide : 
| Ns (g)+ 0a (g)=2NO (8) 


Let a mole of N and b mole of O, be present in, litre. Let x 
mole of N, and O, each combine to give 2x mole of NO at equili- 
brium. Hence, at equilibrium, 


a—x 


Molar concn. of N,— - 


Molar concn. of Q,- 577 


Molar concn. of NO — =. 


. NOR .. Qx|Vy 4x? 
[N]x[O] a-x b=x (a-x(b-x) 
Y- y 


| te Ko 


Type IL: The Gaseous system in which there is change in the 


number of moles— 
PGI;=PGl;+ Gl; 
N2+3Hs=2NH, 
2S0,+0,=2S05 
Dissociation of Phosphorus Pentachloride : 
PCl; = PCI, + Cl, (closed vessel of vol. V) 
0 


1 mole 0 (initially) 
(1--x) mole x mole x mole (at equilibrium) 
(x is the degree of dissociation of PCI;) 
X: gi 
RE VERON 
: TNTE 
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If the degree of dissociation x is small, then 


2 
K—. or xoay 


v 1 
Or xo4/V, or me, | 


Thus, the degree of dissociation varies inversely as the square root 
of pressure of the system, 


In terms of partial pressures : 


PClyPCI, T Cl, 
0 
(1—0) a a 
Total number of moles at equilibrium = l—a+a+a=(1 +a). 
Let the total pressure be P. 
1—a a a 
a mes UD E E E D 
Pra, I+a /2 CE TE ID w, I+a 
a a 
(se? Ss?) o2P 
of oor Sete 
mi: P 1—a 
lta" 


Kp is a constant at a given tem 
cause increase in a (i.e. de 


fa is very small, then 


perature. Hence, decrease of P will 
gree of dissociation), 


/ Ke 
Kp=a®P or a=\/ —p- 


i.e.. the degree of dissociation varies inversely as the square root 
of pressure. 


Formation of Ammonia (Haber process) : 


Ns + 3H, = 2NH 
1 mole 


3 mole 0 (initially) 
(1— a) mole) 3 (1— a) mole 


2umole (at equilibrium) 
Total number of moles at equil.—1—a4-3—32-L2a— (4—2a). 


P’xu, 
Now, Koa i 
Py, Xp E, 
Let the total pressure be P. Then, 
: 20 
Partial pressure of NH; Psa = EET EP 
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: i I>a 
Partial pressure of Ne, Px cm 
: _ X(1—o) 
Partial. pressure of Ho; D rr Ep E j25 
E i 
jeu 4—2a ^ 4a3(4— 2a)? 
r= 1-a pY 301-9 ,P^210—aP* 
qm 4-2 P 
If a is small compared to unity, then 
_ 640 v cac 27 Ks. BF 
Ke= zp” Se 


Kp is constant, 
afccP3) or!) ti doc P) 


Hence, increase of pressure causes increase in the value ofa, i.e. 
formation of ammonia is favoured. 


(B) The Liquid System : 


Esterification of Acetic acid— 
CH4COOH--C4H;0H- CH4COOC;H;-- H,O 
Initially a b 0 0 
At equil. a-—x b—x 23 x 


This reaction is brought about in the liquid phase. Let a mole 
of acetic acid and b mole of ethyl alcohol be mixed together: Let x 
mole of ethyl acetate be obtained at equilibrium. IfV is the total 
volume of solution, then at equilibrium, 


[CH,C00H] - ^7; [C,H.0H] ="; 


V 
[CH,COOC;H 3] - 7; s [H.0]- 7. 
X XX 
pecu pes x: 
c a-x b-x (a-x(b—-x) 
V 


The equilibrium state is, thus, not affected by change of volume. 


Heterogeneous Equilibria 


-cenclation of Calcium Carbonate : 
Dissociatio en ate REE, 
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__Pcao X Pco, 


K, 
4 Pcaco, 
The active mass of a solid is assumed to be constant. 
-Ke =Poo, E 


Thus, when CaCO, is heated in a closed vessel at a given tempera- 
ture, the pressure of CO, becomes constant. This pressure of CO; 
is independent of the amount of CaCO, used. 


Water-gas Reaction : 


C (s)+-H20 (g)=CO (g)+ Hp (g) 
Poo X Pu, 
ý Ts XPa, o 4 
The partial pressure of carbon is taken as unity. Hence, 
Poo XP 1 


Kee 
" Ps, 0 


Factors That Influence Equilibrium 


1. Effect of Concentration—Let us consider the equilibrium of the 
reaction represented by 


; Suppose, Some 4 is added to this equilibrium: The value of [4] 
is, thus, increased, In order to keep K constant, the concentrations. 


Similarly, addition of one of the products leads to the formation 
of the reactants, i.e., the reverse reaction is favoured, 


2. Effect of change in temperature—L et us consider the following 
general reaction: 


A+B2C+D~O Koal 


This reaction is endothermic. If temperature is increased, the: 
equilibrium shifts in such a way that the heat is absorbed. The 
formation of the product is, thus, favoured, i.e., more of the product 
is formed. On the contrary, if the temperature is lowered, the shift 
in equilibrium occurs in the reverse direction in which the heat is 
evolved. The reproduction of the reactants is, thus, favoured. 


. In general, increase of temperature favours an endothermic reac- 
tion, whereas decrease of temperature favours an exothermic reaction. 
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3. Effect of pressure—The concentration of the gaseous substan- 
ces can be altered by changing the pressure. A change in pressure: 
caüses a change in volume of the container available to the reacting 
gases. 

Consider the following reaction : 

Na (g) - 3H; (g) 2 2N Hs (8) 
1 vol. 3 vol. 2 vol. 

This reaction is accompanied with decrease in volume. Any in- 
crease in pressure would cause a decrease in volume. Hence, the 
equilibrium shifts towards the right. The formation of ammonia 
is, thus, favoured. Conversely, any decrease in. pressure results in 
the formation of more N, and Hp. 

Now, consider the following reaction sin which the number of 
moles of the reactants and the products are the same : 


Ns (g)2-0s (2) 22NO (g) 


The volume does not change as a result of reaction. Hence, pre- 
ssure has no effect on the equilibrium of this reaction. 


4. Effect of catalyst —At equilibrium, the catalyst increases the 
rates of both the forward and the reverse reactions to the same ex- 
tent. The catalyst does not cause any change in the relative amou- 
nts present at equilibrium. Hence, the value of the equilibrium 
constant does not change. The equilibrium is, however, established’ 
more rapidly in presence of a catalyst. This is due to the fact that 
the use of a catalyst decreases the activation energy of both the: 
forward and the reverse reactions. 


Le Chatelier's Principle 


As a result of studies of the effect of pressure, temperature and 
concentration on the equilibria of a large number of chemical reac- 
tions, Le Chatelier summed up his observations in the form of a 


principle. This is stated as : 


If a system in equilibrium is subjected to a stress, the equilibrium 
gets shifted in the direction in which the effect of the stress is nullified 


as far as possible. 
Application of Le Chatelier’s principle— 


1. Synthesis of Ammonia (Haber process) : 
N: (e)+ 3H: (g) 22NH, (g)--92:38 KJ 
1 vol. 3 vol. 2 vol. 
This reaction is exothermic and is attended with decrease im 
volume. Hence, according to Le Chatelier’s principle, increase 1n 


pressure shifts the equilibrium in the direction in which there is 
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decrease in volume. The formation of NH; is thus favoured. The 
‘higher the pressure, the greater is the yield of ammonia. It is due 
sto this that a pressure of 200 atmosphere is applied. 


The reaction is accompanied with evolution of heat. According 
to the Le Chatelier’s Principle, lowering of temperature will shift the 
-equilibrium in the direction in which there is evolution of heat. The 
forward reaction, i.e. formation of ammonia is favoured at lower 
temperatures. But at very low temperature the rate of reaction may 
be considerably decreased. In order to overcome this difficulty a 
catalyst is used and an optimum temperature is maintained. A 
‘temperature close to 500°C has been found to be suitable. Finely 
"divided iron is used as a catalyst. 


2. Formation of Sulphur trioxide : 


250. (8) +O; (g)=2S0; (g) 


The reaction is accompanied by decrease in volume. According 

‘to Le Chatelier’s principle, a high pressure would give a better yield 
-of Sulphur trioxide. 

, The reaction is also exothermic, According to Le Chatelier's 

Principle, therefore, a better yield of sulphur trioxide is expected at 


3. Formation of Nitric Oxide : 


N2+0,.=2NO—44 Kcal. 
1 vol. 1 vol. 2 vol. 


sorbed. The forward reaction, i.e., formation of Nitric oxide is, 
thus, favoured at high temperature. This reaction is actually carried 
out at the temperature of the electric-arc (about 3000°C), 


The reaction suffers no volume-change. Hence, change in pre- 
'Ssur does not cause any change in the equilibrium of this reaction. 


Solved Problems 


1. The rate constant of the forward reaction is 104, while that 
of the reverse reaction it is 10°. Find the value of the equilibrium 
constant. (B. U. 1978) 


Solution : Rate constant of the forward reaction, k,= 10! 
Rate constant of the reverse reaction, k,=10° 


N 
U 
M 
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2. The value of K; for the equilibrium : : 
2H;0 (g)4-2Cls (g) :4HCI (g) + Os (g) 


is 07035 atmosphere at 400°C when the partial pressures are expre- 
ssed in atmospheres. Calculate the value of Ko for the same reac- 


tion. 


Solution : K;—KRT)M 
In this reaction, Ax=(4+1)—(2+2)=1 
Kp=0°035 


0:035=K,(0°082 x 673)! 
E0035 T en dmn 
Ko= 082 673 6:342 x 10-4 mole litre. 

3. If 1 mole of H,O and 1 mole of CO are taken in a 10 litre: 
flask and heated to 986°C, 40% of water reacts with carbon mono- 
xide according to the equation : 

H30 (g)--CO (g)- Hs (g) + CO: (8) 
Calculate the equilibrium constant K for the reaction. 

Solution : H,O (g)--CO (g) = Hs (g)+ CO: (8) 

Initially : ] mole 1 mole 0 0 

Atequi.: —(1—0:4) (1—0:4) 0:4 mole 074 mole 

=0'6 mole —0:6 mole 


= 036) 0:6 04 04... 8. 
.at x -0: =0 =0: =0°04.. 

Cone. at equil. : +5 0:06, —5 0:06, +5 0:04, 5 0:04 

[Hs] x[CO;] .0:04x0:04 4X4 9.44 

[H,O]x[CO] 006x006 6x6 

4. When 1 mole of acetic acid and 1 mole of ethyl alcohol react 


together, 2/3 mole of ethyl acetate is formed at equilibrium. Calcu- 
late the equilibrium constant of the reaction. 


Solution : CH,COOH + C,H,OH=CH;,COO C,H; 4- H,O 


Now, K= 


Initially : amole 6 mole 0 0 
At equil. S CERA (b—x) x x 
x? 


K^ q-x(b-x) 7^ 


Here, ud b=], x=2/3. 
2/3 x 2/3 2x2 
K= S sear 
Q-33X1—2/5 xd 
5. Calculate the pressure required for 50% dissociation of PCls 
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at 250°C. The value of the equilibrium constant K for the reaction 
PCI; PCI, Cla, is 1°8. 
Solution : PCI; PCI, 4 CI, 
Initially 1 0 0 
Atequi. (1—a) a a 
Here, dissociation = 50% 
R Fa=0:5 
Kp=1°8. 


Now, Kp= Ime where P— Total pressure. 


rg- O5x05xP 
[1 — (0:5) 


L18x[I-(0:5)] 
n SURG A US e 


— 18x075 
0:25 
6. In an experiment 2 moles of HI are taken into a 5:0 litre con- 
tainer. At 444°C, K equals to 0:0156 for the gaseous reaction : 
2HI (e)=H, (g) + I, (g) 


Calculate the equilibrium concentrations of HI, H, and IL. What 
is the fraction of HI which decomposes ? - 


—5'4 atm. 


Solution: . 2HISH,--I, 
2 
(2—2x) x x 


Let 2x be the number of moles of HI which decomposes. Hence, 
rete: to the above equation, x moles of each Hs and I, will be 
ormed, 


+ Molar concn. of Hi-2-2* 


Molar concn. of H,= T 


Molar concn. of = 


i2] 


“At equilibrium, x= PX GS) 
GD 
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00156. 
or C-E 


3 5x5 
; "0156 =o 99. 
or 0:0156 55% C- 


x S EX H =f) 
or zzy = V00156 = 0125; or . x—0'125(2—2x) 


or  125x-2025; or x=223=0-20. 


Number of moles of H,—x-—0:2 
Number of moles of J,=x=0'2 
Number of moles of HJ=2—2x=1'60. 
Equilibrium concentrations are : 


Ur] - 2-004 mole litre. 


[n]- 92. 0:04 mole litre- 
[HI]- E 0:32 mole litre. 


Fraction of HI decomposed -2 x 02. 


% decomposition — 2095. 
7. For the reaction, H2+I,=2HI, the concentrations of Hs, Ie 
and HI at equilibrium are 9:6, 2:6 and 308 mole litre-1 respectively. 
Find the value of the equilibrium constant. 


Solution : Hs--I5:2HI 
.lIHI* _ (308)? —38 
Hl] 96x26 4 
8. The equilibrium constant of the reaction, 
N,+0,=2NO 
at high temperature is found to be 6:0 10-4; If the concentration of 


Nz is 0:1 mole litre and that of O, is 0:02 mole litre, what is the 
concentration of nitric oxide at equilibrium ? 


Solution : N2+O, = 2NO 
NO}! 2 
ieee! E ; _ [NO] 
Waloy’ 60x 108 TTO 
or [NO]? — 6:0 x 107*x 0:1 0:02 


[NO] = 4/6:0 x I07* x 0:1 0:02 mole litre-* 
—1:08x 107? mole litre. 
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9. Assuming that the degree of dissociation of PCI, at a certain 
temperature and under atmospheric pressure is 0:15. Calculate the 
pressure at which this substance will be one-fourth dissociated at the 
same temperature. 

Solution : PCI; dissociates as 

PCI, = PClh4Cl, 
l-a a a 
where a= degree of dissociation. 
on =. CHD 
Ta 
Here, P=1 atm. and a—0:15 


g = 215x015x1 | 015x015 
B 1— (015) (1— 0:0225) 


Let the pressure required for one-fourth dissociation of PCls 
be P. 


=0°023. 


Now,  e-025. in Keer adeo 
1-a 
«99 .0°25X0°25 XP 
. or 0:023— T= 25) 

.,0:023x0:9375 .. 

or P-^025x02s ^9 345 atm. 

Questions 
Long Answer Type : 


1. What is equilibrium 
alter the state of equilibrium. 


2. Write short notes on 


(i) Le Chatelier's principle, (ii Equilibrium constant, (ii) State of 
equilibrium, (iv) Relation between K» and Kc. (M. U. 1977 A) 
3. What will be the effect of increased pressure on the following equilibria ? 
(i) High) 2HI(g). 
Gi) Nj8)4-3H,8)  2NH.(g). 
(iii) 280,)4-0,(8—280,(9). 
iv) N,0,(8)=2N0.(8). 


4. Mention at least three ways by Which the concentration of SO, can be 
increased, after the equilibrium is established in the following reaction : 
2S0,(g)+0.(g)=2S0,+45'2 Kcal. 
5. Predict the effect of (i) decrease in temperature and (ii) increase in tempera- 
ture, on each of the following reactions : 
(a) H,O(g)+-heat=H,(g)+30,(g) 
(b) 4NH,(g)+50,(g)=4NO(g)--6H,O(g)--heat 
(c) 2CO(g)+0,(g)=2C0,(s)+heat. 


Condition of a reaction ? Discuss the factors which 
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6. Establish a relationship between Kp and Kc of a reaction. 
7. State the Law of Mass Action. What do you mean by the concentration 
of a substance ? (I. S. C. Delhi 1978) 
8. The manufacture of Nitric Oxide in Birkeland-Eyde process takes place 
according to the following equation : 2 
NE O,:22N0O— 432 Kcal. 
What will be the effect of (i) temperature (ii) pressure and (iii) addition of 
Oxygen, on the equilibrium of this reaction ? (1. S. C. Delhi 1979) 
9. The manufacture of Ammonia by Haber Process is based on the following 


equilibrium : 
Ns(g)2-3H.(g) &2NH.(g)3- O Kcal - 
Mention the effect of pressure and temperature on this reaction. 


Short Answer Type : 


1. What is rate constant of a reaction ? 
2. Why is chemical equilibrium referred to as *dynamic equilibrium" ? 
3. From the following data at 259C, select (a) the most stable and (b) the 
least stable oxide of nitrogen : 
(i) 2NO,(2)=N,(g)+20,(g); —K—67X 10?* mole litre. 
(ii) 2NO(g)«S N.(8)--O; (8); -2x 10% mole litre-?. 
(iii) 2N,O(g)=2N.(g)+0.(8) K—3:5X 10° mole litre. 
dv) 2N,0,(8) 52N.(8)--50.(g5;; K=1:2X 10% mole litre. 
4. What is a reversible reaction ? 
5. Write the equations of two reversible reactions in which K»— Kc. 
6. Write equilibrium reaction for the following : 
8 


i š 
KEEN, x (p...) 


ta 


P. 
NH, 


[CaCl] 
[Ca(OH).)X [HCI}?- 
7. Discuss the significance of the ‘Equilibrium constant. 


8. How is the equilibrium constant of a reaction related to the rate constants 
of the forward and the reverse reactions ? 


(i), K= (Mithila U. 1978A) 


Objective Questions : 
(A). 1. At equilibrium 
(a) the reaction comes to a stop. 
(b) the rate of reaction is enhanced. 
(c) the rate of the forward reaction increases. 
(d) the rate of the forward reaction is counterbalanced by that of the reverse 
reaction, 
2. The value of K» is equal to that of Kc in the reaction 
(a) HeERh--2HL (b) 250,--0,32s0 
© i (d) CaCO,- Ca04-CO,. 
3. The expression for the equilibrium c i 
244 3Bz3aC is onstant of the reaction 


Ser ICE alc] 
Oar Ota Owke © TET 


4. In the synthesis of NH, by Haber’s process, increase in pressure at 
equilibrium 
(a) increases the yield of NHs, (b) reduces the yield of NH, (c) has no 
effect on the yield of NH;, (d) converts the reactants and products into liquid. 
(P.M.D.T. Bihar, 1976) 
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5. In which of the following reactions is the formation of products fayoured 
at low pressure ? 


(2) Net-3H:=2NHs, (b) 2S0,+0,=250,, (c) PCS PCI4-Cls. 


6. According to Le Chatelier's principle, application of high pressure to the 
reaction H;--1,-22HI will favour the formation of 


(a) reactants, (b) products, (c) none. (P.M.D.T. Bibar 1977) 
7. The catalyst used in the manufacture of NH, by Haber's process is 
(a) Mg, (b) Pt, (c) Fe, (d) Mo. (A.F.M.C. Pune, 1973) 


8. The chemical equilibrium is 
(a) dynamic equilibrium, (b) static equilibrium, (c) physical equilibrium. 
9. Ihe function of a catalyst is to 


(a) change equilibrium, (b) increase the yield of the product, (c) change 
the rate of reaction. 


(B) Select the correct statement from the following : 


1. The addition of a c; 
2. Acatalyst speeds u 

The composition o 
4. Pressure change d 


atalyst changes the equilibrium constant. E 

p the forward reaction and retards the reverse reaction. 
f equilibrium mixture is not changed by the catalyst. 
oes not change the equilibrium concentration. 


Numerical Problems ; 


1. For the dissociation of water, H,0=H,(g)+-40,(g), at 1500°C, the value 
of Kp with partial pressure in atmosphere is 1:87X10- ^ Assuming ideal beha- 
viour of gases, calculate the value of Ko with concentrations in mole litre-?, 

(Ans. 1:55X 10-7? mole litre-1) 


nec 15 moles of Hydrogen, on interacion with 5-2 moles of Iodine vapours at 


produced 10 moles of Hydrogen iodide. Determine the equilibrium 
Constant of the reaction. 


(Ans. 50) 

3. For the reaction A+B=C+D, p,—0'40 atm., Pp=0'30! atm., pc—0:20 
atom, and p5—0:10 atm. Calculate Kg: (Ans. 0:17). 
4. 1 mole of Ethyl alcohol is allowed to react with 4 moles of Acetic acid. 
0:933 mole of Ethyl acetate was formed at equilibrium. Calculate the equilibrium 
constant. (Ans. 4:236) 


5. The dissociation of N,0, into NO, at 70°C and atmospheric pressure was 
found to be 60%. Under this condition, what will be the volume of 10 g of 
N,0, ? (M.U. 1974 A) (Ans. 507 litre) 


6. The degree of dissociation of N.O, at 53°C and 783:3 mm. pressure is 
0'448. Calculate the values of Kp and Kc. 


(Ans. Kp=3-49X 10-5; Kc— 61x 10-1) 

7. The equilibrium partial pressures of SO,, O, and SO, are 0:309, 0:353 and 

0:338 atmospheres respectively. Calculate the equilibrium constant for the 
following reaction : 

250, + O, = 2S0, (Ans. 3:4) 

8. If the equilibrium concentrations of H,, I, and HI for the reaction 

Hy Lz32HI are 9:6, 2'6 and 308 mole litre-, calculate the equilibrium constant. 


(Ans. 38) 
000 


CHAPTER 13 


CHEMICAL KINETICS 


Different chemical reactions take place at different rates. On 
this basis the reaction may be broadly divided into three parts : 


(i) Fast reactions—Some of the reactions occur with such 

rapidity that their rates can hardly be measured. For instance, 

explosions and various ionic reactions are almost instantaneous. 
Nat+cl- — NaCl (instantaneous) 


(ii) Slow reactions—Some of the reactions occur Very slowly 
and require months or even years to measure their rates. But such 
a remarkable tolerance on the part of a laboratory worker is unthin- 
kable. For example, combination between hydrogen and oxygen 
40 form water in the absence ofa catalyst. This reaction occurs SO 
slowly that it takes years for the formation of even a trace of water. 

(iii) Intermediate reactions—In between the above two extremes, 
there are reactions involving both organic and inorganic substances 
whose rates can well be measured at a desired temperature. 

It is only the intermediate reactions with which the study of 
chemical kinetics is co ncerned. 

The overall reactions does not tell us about the slowness, fastness 
and the rate of a chemical reaction. It also does not tell how the 
reaction occurs. That is, the overall reaction fails to tell the mecha- 
nism of the reaction, i.c, whether the reaction occurs in one step Or 
in several steps. Itis here that ‘chemical kinetics comes to the 
rescue. 

Chemical kinetics is that branch of chemistry which deals with the 
study of rate and mechanism of chemical reactions. 


Rate of Reaction 


The rate or velocity of a chemical reaction is defined as the rate 
at which concentrations of reacting species change (decrease or 
increase) with time. That is, 


dc 
rate— — 
dt 
where, c is the concentration of any reacting substance, and f is 


the time. 
Tf the concentration of the reacting species decreases with time, 
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dc - Ld ith ti cT de 
rate— =; but if the concentration increases wit time, rate= + d 


Example : A+B+AB 


The rate of this reaction may be expressed in terms of rate of 


change of concentration of any of the reacting species. Thus, 


rate of disappearance of A= -W1 
tate of disappearance of B= — 4] 


rate of appearance of AB= + 4143) | 


dt 
[4], [B] and [4B] are the concentrations of 4, B and AB 
respectively. 


The Rate Law : 


The rate of reaction is expressed either as a function of the 
Concentration of the reactants or that of the 


Ore, necessary to find out the species which a. 


Let us consider the following reaction : 
A+B > AB 


. Ifitis experimentally found that t 
tional to the first power of the conce 
of the concentration of B, then the r: 


he rate of reaction is propor- 
ntration of 4 and is independent: 
ate law will be 


— [A] iran 
gr s Ed 
where x is a constant known as the rate constant for the reaction. 


The reaction is said to be of the first order with respect to A. 


If it is found that the rate is proportional to the first power of 
the concentrations of both A and B, then the rate law will be 


mapa a 
Ti C MATIBP. 


This reaction is s 
With respect to B. 
is of the second order. 


aid to be the first order with respect to 4 as well 
The overall order — ] 4- ] —2, i.e., the reaction 
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Rate determining step—A given reaction may occur through a 
series of steps. The rates corresponding to different steps may be 
different. So, the rate of the overall reaction is determined by the 
step which takes place at the slowest rate. Suppose that the reaction 
(X) takes place in two steps : 


24--B -> products . (X) 
The first step is A+B — AB (fast) .. (a) 
The second step is 4B-4-4  — products (slow) .. b) 


The observed rate of reaction is then equal to the rate of the 
second step. The second step is, thus, the rate determining step of 
the overall reaction. 

The rate is expressed in terms of the concentration of reactants. 

Rate =k[AB] [4], (k=rate constant of the reaction). 
Now, from the first step (a) : 
$ [4B] 
[ABT 
where, K is the equilibrium constant of the reaction. 
[AB]=K[A][B]. -. Rate=kK[A}*[B]=K'[AP[B], (K'=kK). 


Relation between the rate constants : 


Consider the reaction 


Ne + 3H, > 2NH, 
1 mole 3 moles 2 moles 


We see that 1 mole of N, combines with 3 moles of H, to yield 
2 moles of NH3. Thus, the rate of formation of ammonia is twice 
the rate of disappearance of nitrogen. 


Rate of formation of NH, + NEA kiN] 


ANa Lk Nap 


Rate of disappearance of N,,— 
Rate of disappearance of Hy, ARa Lic gu qr 


kı ka and kg are rate constants. 
d[H;] _ 4 d(Ns] AH] _ INH]. 
ih PGi Pads eem d 
KNSIUTSP— 3K.NSHsP, or ka=3ka. 


Again, ka[N lio]? = 3 [HS] 
ii i-i 1 ie., $a — Kk, 5 3k. 


Now, — 
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Difference between Order of Reaction and Molecularity : 


Similarity : (i) The value of both does not exceed 3. 


(ii) The value of both depends on the condition of reaction. 


Dissimilarity : (i) Molecularity is always a whole number, 
whereas the order of reaction may be zero or fractional. 


(ii) Molecularity is the number of molecules of the reacting 


Species taking part in a single step chemical reaction, whereas the 


order of reaction is the sum of exponents of the molar concentration 


of the reactants in the rate equation of a chemical reaction, e.g., im 


a reaction, 


aA+bB>C 


the rate of disappearance of 4 or B or the rate of formation of C is 


Proportional to the power of concentration of A and B, i.e., 
rate oc [4]*x [B - K[ AF[B]v. 
The numerical values of exponents x and y are determined’ 


experimentally. x and y may not be necessarily equal to a and & 
respectively. The sum of the powers of the concentration terms 


(x+y) in the rate equation is known asthe order of reaction. y is 


the order with respect to B and x is the order with respect to A. 


(ii) The molecularity pertains to one single step of the reaction 
which takes place in a number of Steps for its completion, but the 


Order of reaction pertains to reaction as a whole irrespective of the 


number of steps involved for its completion. 
Difference between Order and Molecularity of a Reaction: 


Order 


1, The order of a reaction is the 
sum of exponents of the molar con- 
centrations of the reactants which deter- 
mine the rate of the reaction. 


2. The order may or may not have 
relation with the stoichiometric equa- 
tion representing the reaction. 


3. The order pertains to the overall 
reaction, irrespective of the steps invol- 
ved for the completion of the reaction. 


4. It may be a whole number or 
fractional. 


5. It is obtained experimentally and 
not from the balanced chemical equa- 
tion for the reaction. 


ELLE NB eM icAlL] ui s wy d foe Mu] 


Molecularity 
— 


1. The molecularity of a reaction is 
the number of atoms or molecules of 
the reactants which actually participate 
in a single step of the reaction. 


2. It is calculated from the stoichio- 
metric equation of the reaction. 


. 3. The molecularity pertains to one 
single step of the reaction which occurs 
in a number of steps for its completion. 


4. It is always a whole number. 


5. Itis calculated from the single 
step balanced chemical equation. 
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First Order Reaction 


A reaction is s:id to be of the first order when the rate of this 
reaction is directly proportional to the concentration of the reactant. 


Consider such a reaction represented by, 


A-»prodncts. 
a 


Let a mole litre-? be the initial concentration ofthe reactant. 
After time 1, let x mole litre-! of A decomposes into the products. 
Hence, concentration of A left at time t— (a—x) mole litre. 


Rate of reaction, aro s (a—x) . 
or CEN or x Sid 
a=% a—x 
or —In(a—x)=kyt+C 


where.C is the constant of integration. 
When t=0, x20; .. —In a-C. 
Putting the value of C in the above equation, we get, 


-In(a—x)=kyt-Ina, or In ht 


a= 
S ce — 2303 M 
or ky 7 in due or k= ; loge ea 


This equation is known as the Kinetic equation fora reaction of 
the first order. 


Half-life of a reaction : 


The time required fora reaction to be half completed is called 
half-life period or simply half-life of a reaction. 

At the end of the half-life period, the initial concentration (a) of 
the reactant becomes a/2. Let the half-life be denoted by ty2. Then, 


122:303 EE? 303 : a 0:693 
kiz tija 2: a—a]2 tye eo pe up E 


It follows, therefore, that the half-life of a reaction is independent 
of the initial concentration of the reactant. 


Factors Affecting the Rate of Reaction 


The rate of a reaction is found to be influenced by several factors. 
Some of the important factors are : 


1. Nature of the reactants. 
2. Concentration of the reactants. 
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3. Temperature. 
4. Catalyst. 
5. Radiation. 


Nature of the Reactants : 


Substances differ in chemical activity. For example, the active 
metals like sodium displace hydrogen from evater even in the cold, 
but less reactive metal, iron, decomposes only super-heated steam. 

2Na--2H,0 > 2NaOH TH, (at ordinary temp.) 
3Fe+4H,0 > Fe,0, +4H, (iron should be red hot) 
~ 
super-heated 
steam 


The rate of reaction thus depends heavily on the nature of the 
reactants. 


The reduction of permanganate ion (MnO,-) in acid medium by 
Fe ion takes place instantaneously, but the reduction of MnO, is 
slow with oxalate ion ( C04--). In these cases, everything is? the 
Same except the nature of the reducing agents, i.e., Fett and CO, — 
ions. But the reaction rates are quite different. 


The above differences in the rates of reactions are due to differ- 
ences in activation energy. The amount of activation energy is 


different for different Teacting species. The following example will 
make the point more clear— 


G) NO+40,+No, (fast) 
(ii) Co +40,>CO, (slow) 


(A TN Though both NO and 
CO molecules are alike 
En Still the reaction (i) is 
E fast whereas (ii) is slow. 
E] Eno< Eco This is so because in the 
E former case the activa- 
2 


tion energy is low, where- 


React as in the latter it is high 
€action Path ——, 
SAL (see the given figure). 
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Concentration of the Reactants : 


The rate of a reaction is expressed in terms of the molar con- 
centrations of the reactants. Thus, 


_ aA] _ 
HAL — KLIBI. 


Any increase in [4] or [B] will increase the rate of reaction. As 
a rule, the rate of a chemical reaction is proportional to the con- 
centrations of the reacting species. We known that greater the con- 
centrations of the reactant molcules per litre larger will be the num- 
ber of collisions between the reacting molecules per litre per 
second. The rate of reaction is thus enhanced. 


Temperature : 


The temperature has a marked effect on the rate of a chemical 
reaction. In general, higher the temperature of the reactants, more 
rapid will be the rate of reaction. It has been estimated that every 
10° rise in temperature roughly doubles the rate of reaction, and the 


rate constant, i.e., 


Kio ~ 19, 
t 


Arrhenius showed 
that most reactions follow 
the equation, 


B 
logk=4 -7 


where k is the rate cons- 
tant, T the kelvin tem- 
perature, 4 and B are 
positive constants. 


A plotoflogk against 


logk —* 


l should givea straight 
7" 1 3 
à v : f 7X 10°——> 
line with intercept— 4 
and slope= — B. 
We may write the above equation as 
k= Ael, 
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The rate constant k 


will, thus, increase ex- 


Í ponentially with increase 
o in T. 

2 Arrhenius further 
modified the above equa- 
tion as 

Temp. K wail a's k= Ae-£/Rt 


where E=activation €nergy for the reaction. 


A=frequen cy factor, 
R= gas constant. 


Activation energy : The activation energy is the minimum energy 
required by a molecule to react. That is, any reaction requires the 
addition of energy before itcan occur. This is called the activation 
barrier. For example, we add heat energy to bake bread or we add 
the enregy of friction to make a match burn. Thus, the activation 
energy is a threshold energy required by the reactant molecules be- 
fore they can overcome an energy barrier. Only a fraction of the 
molecules have sufficient energy to cross the energy barrier, As the 
temperature increases, a greater fraction of the reactant molecules 


get sufficient energy to exceed the activation energy barrier. Hence, 
the rate of reaction increases, 


54 z 
uo 
g | 
Su 15 H5* 
2n 
EP 2 
55 2 T2?" 
Ssl, 
KE 
ES 
5 
z 


EnergyE E 


The molecular velocities of gaseous molecules are distributed 
according to the Maxwell's law. In such a distribution the mole- 
cules having the greatest velocities possess the greatest kinetic ener- 
gies and are the molecules most likely to have enough energy to 
exceed the activation energy barrier. If we increase the temperature 
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of the gas, the distribution of molecular velocities is shifted towards: 
higher energies, but a greater fraction of high-energy molecules enter 
into a reaction. 

At the higher temperature 75, a greater fraction of the molecules 
have energies greater than an arbitrary energy E’ where E' is the 


activation energy barrier. 


Catalyst 
A catalyst is a substance that influences the rate of a chemical 
reaction, when used in very small amount and itself remaining un- 


changed at the end. 
Os 030. (slow) 


nOs 
H303——--H30 +402 (rapid) 
Catalyst 
The catalyst alters the 
reaction rate by provi- 
ding an alternative path 


for the reaction. with a [A- B-Activated. 
lower activation energy Complex 
barrier. Tt is believed that Activation 


are absorbed on the sur- Catalyst 


the reactant molecules j barrier without 
face of the catalyst, when 


they can very easily be E | Activation 
in a position to form the .barrier 
with Catalyst 


activated complex. 


A catalyst increases Reactants 
both ihe forward reac- (A+B) 
tion and the reverse reac- 
tion to the same extent Producis AB 
so that equilibrium is 
established very soon. Tt 
does not bring about any change in the equilibrium state at all. 
The equilibrium constant of the reaction, thus, remains unchanged. 


Radiation 

There are some chemical reactions which occur in the presence 
oflight. The light radiation gives the energy needed to overcome 
the energy barrier and starts the reaction. 

light 
Hg-4-Cly———- 2HCl 

Such reactions are called Photo-chemical Reactions. The combina- 

tion between Ha and Cl, occurs in several steps. 


Cl; hy (light) > 2CT 
Ci +H > HCI+H 
H + Cl, > HCI+Cl 
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Thus, a chain reaction goes on. 
Mechanism of Reaction : 


The series of detailed events through which the reactants are 
transformed into the products is called mechanism of reaction. 


The study of the rates of reaction enables us to decide whether a 
particular mechanism is possible or not for the reaction. For 
example, if itis found for a 
Teactants 4 and B that the r: 


Let us now consider the decomposition of the gas NO, into NO 
and O,. 


2NO,>2NO +0, 


It has been experimentally found that the rate of decomposition 
of NO, œ [NO] [NO;]. That is, 


Rate of decomposition of NO,=k[NO,]2. 


Thus, we conclude that the decom; 


Position involves collision bet- 
‘ween two NO, molecules. 


If, however, the reaction rat 
‘of the concentrations of the r i i 
‘can be said that the reaction mec! 
than the Collisions of molecules of the reactants. 


Ithas been observed that a large number of reacti 
the formation of short-lived intermediates. For 
ithe Combination of H, with Br,, or of Hs with 7. 


H+ Br,— 2HBr Ss 0) 

H+ Ip > 2HI - (i) 
In view of these equations it may be assumed that both the reac- 
tions occur by a similar mechanism. But actually the mechanism 
of reaction (i) is entirely different from that of reaction (ii. It has 
been experimentally determined that the reaction between H, and Br, 
takes place via following mechanism : 


Bra Br 4 Br 
Hy Br >HBr +H 
Bra+ H +HBr+Br 


ons occur through 
example, consider 


Catalytic Reaction 


The function of a catalyst is to alter the rate of a reaction. There 
are two important types of catalysed reactions : 

(i) Homogeneous—When the catalyst applied isin the same phase 
as the reactants, the catalysis is said to be homogeneous. 


4, 
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The reaction between SO, and O; in the gaseous medium is cata- 
lysed by NO gas in the Lead chamber process for the manufacture’ 
of SO3. 


NO 
2S05-4-O; = 280; 
This reaction is said to be homogeneous. 
(ii) Heterogeneous— When the catalyst used is in different phase- 
than the reactants, the catalysis is said to be heterogeneous. 


Examples: (a) Manufacture of Hydrogen gas from water-gas. 
(Bosch process) provides an example of this type of catalysis. 


Fe,0, 
CO 4-H40— — C0; 4-H; 
700 K 


(b) Preparation of Methanol— 
ZnO 
CO -2H,0——-—CH,0H 


Enzyme Catalysis : 


Enzymes play a very important catalytic role for some very speci- 
fic reactions. It is believed that an enzyme forms a complex with 
the molecule of a reactant (substrate). Thus, 

E OA ES: 
(Enzyme) (Substrate) (Complex) 
ES now breaks into the product 


ES>E+P 
(Product) 


Example : (a), Urease acts as a catalyst in the hydrolysis of urea. 

HN, 

72€-0* H02NH,4 CO} 

H,N 
inyertase zymase 

(b) Cane sugar ET S Invert sugar ———-> alcohol+ CO, 


Solved Problems 


1. The reaction, 205-530; occurs in the following two steps : 


fast 

0, = Oro e 0 
slow 

O;,+O = 20, .. (ii) 


Indicate (a) the rate determining step, (ii) the rate equation, 
(c) order of reaction and (d) the molecularity of reaction. 
(B. U. 1976), 
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Solution: (a) As the step (ii) is slow, it is the rate determining 
step. 
(b) From step (ii) we get the rate of reaction. 
Rate =k[0,][O]. 
Now, from step (i) the equilibrium constant (K) is given by 


LIOMO. . o K[0] 
Nw Ord di od 


Rate - kK[0,] Ol — t0 jt0,11; kc K’) 
[02] 


This is rate equation. 


(c) ** Rate=K’[0,]*(0.]-, 
". Order of reaction - 2—1— 1. 


(d) Step (i) is mono-molecular (or unimolecular), and step (ii) is 
bimolecular. 


2. In an experiment the following results were tabulated : 
[A B] 


Rate 
05M 05M 100 mole min-?, 
10M 05M 200 mole min71. 
05M r5M 900 mole min™t. 


. Find out, (a) rate equation, (b) rate constant, (c) order of reac- 
tion, and (d) rate of reaction, when [4]— 0:1, (B]=0:2. 


Solution: (a) It is clear from the data that rate is doubled 
when [4] is doubled. 


Rate œ [A]. 
Further, rate is enhanced 9 times, when [B] is trebled. 
1.€., Rate oc [B]; -. Rate oc [A][B]? 


or Rate— k[A][B]2. i This is the rate equation. 
(b) Rate = k[4][ 5]? 
or 100 — &(0*5) (0:5)2, or 100—gx0'5x0:5x0:5 


p 100 x 103 
5x5x5 
(c) *' Rate-K[A][B]* 
“. Order of reaction=14+2=3, 
(d) Rate-A[A][B]? 
=0°8 X 10x 0*1 x (0:2)? 
70:08 x 0:04 x 108 


— 8x4~x 108 
104 


or 


=5 X10? =0'8 x 103, 


=32x 107 


=3°2 mole min. 
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3. The interaction between NO, and F, takes place according to 
the following mechanism : 


Jast 
NOz+NO, = N0, 
slow 
N20,+ Fg = 2NO,F 
Find the rate equation for the reaction. 
Solution: The slow step isthe rate determining step. Hence, 
Rate=k[N20,][F2] 
where k is the rate constant. 
Now for the first step equilibrium constant (K) will be given by 
— [IN304] . , ` : 
K [NO ^C [N204]=K[NO,} 
Rate — KK[NOsJ [Fs] 2 K'[NO s [F]; (KK= K’). 
This is the rate equation. 


4. The reaction, SO,Cl;— SOs--Cla is a first order reaction. 
The time required to decompose SO,C/, by heating to 50% of its 
initial amount is 60 minutes. Calculate the rate constant of the 
reaction at 590 K. 

Solution: — ¢1/2=60 minutes = 60x 60 sec. 


fija 2, (kı =rate constant) 
J 


pE 0:693 _ 0:693 
hie 60x60 
5. For the reaction, 2NO -O,—2NO;, write the equations for 


(a) rate of formation of NO», (b) rate of disappearance of NO and 
(c) rate of disappearance of O,. Deduce a relation between the rate 


constants. 
Solution : 2NO -O4—2NO;, or NO+10,>NO, 


sec 1 = 3:2 x 1075 sect, 


or 


(a) Rate of formation of NO, -AN0 y Noi 
(b) Rate of disappearance of NO = — EI =ke[NO][Oz]* 


=k NO}[O2]* 


(c) Rate of disappearance of O,=— ae 


a[NO,]_  d]NO] _ 2 [Oz] 
dt 


or 1S K5 Live 


o ke[NOYOs} = kal NONO] = 2k:[NONO:]t 
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6. At 874 K the half-life period for first order thermal decom- 
position of acetone is 81 seconds. Calculate the time required for 
the reaction to go to 30% completion and rate constant. 

Solution: Half-life (t,).) and rate constant (K) are related as : 

0:693 

k 


fus— 


k= 106938. 0/6034... —8:55x 107? sect. 
LE 81 


Now, for a first order reaction, 


or 


kt —2:303 log = 


Here, k=8°55x 10-8 sec-1, a— 100 (say), a—x=100—30=70. 
"^o 855x107? xt =2'303 logy? 
or 8:55x 1073 x t —2:303x 01549 
d t= 2'303 x 071549 
Sa 8:55x 1073 
7. An acid solution of sucrose was hydrolysed to the extent of 
57% after 66 minutes. Assuming the reaction to be of first order, 
calculate the time taken for 75% hydrolysis. 
Solutton : For a first order reaction, 


second — 4:71 s. 


gael a 
t a—x 
"US 4-100, x=57, t=67 min, 
2:303 100 _ 2:308, 100 2:303 
k= Èd = 2:308 o. 
66 |S [90=57 66 08-43 -gg X03665 


_ 700127. 
Let time taken for 75% hydrolysis be t. 


Then, k= 238 log —_100__ 


100—75 
r 2402:303. 100 _ 2:303 
or 0:0127= == log DUK Mc log 4 
2:303 2:303 : 
=x] =O Se (i — 1090: 
or t 00127 x log 4 00127 X06021—109*1 min. 
Questions 


Long Answer Type: 


1. Describe in brief tbe factors which are responsible for influencing the rate 


of a reaction. 
2. Explain why rise in temperature increases the rate of reaction. 
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3 Two gases A and B are kept ina container. What will be the effect of the 
following changes;on the rate of reaction between these gases ? 


(i) Pressure is doubled. 
(ii) The number of molecules of A is doubled. 
(iii) Temperature is decreased at constant volume. 
4. Draw a potential energy diagram which might represent an exothermic 
reaction. 
5. Distinguish between Molecularity and Order of reaction. 
6. Derive an expression to relate the rate constant with the half-life of a first 
order reaction. 
7. What do you mean by the collision theory of reaction rate ? 
8. Discuss the following : 


(a) Activated complex, & 
(b) Effect of catalyst on activation energy, 
(c) Rate constant. 
9. Why is order of reaction and molecularity of the following reaction not 


the same ? 
4 


H 
CH,COOC,H,+H,O—>CH,COOH+ C,H,OH 
10. For the following reaction . 
A+2B43C > D+2E 
the rate of the reaction (R) is found to be 
(i) proportional to the concentration of B, 
Gi) proportional to the square of the concentration of C and 
(iii) independent of the concentration of A. 
What is the order of reaction with respect to the reactants 4, B and C 
respectively ? 
What is the overall order of the reaction ? 
How will you write the rate equation for the reaction ? 
Is the overall order of reaction and molecularity of the reaction same or 
not ? 
11. Determine the rate law for the reaction 
A-+B->products 
from the following data : 
(i) When initial [4]is doubled, initial rate doubles, and doubling the initial 
[B], the rate is doubled. 
(ii) When the initial [A] is doubled, the initial rate of reaction is doubled; 
doubling the initial [4] cuts the rate by half. 
(iii) Doubling [4], initial rate doubles, but doubling the initial [B] leaves 
the rate unchanged. 
12. Draw the energy diagram for the reaction 4+ B—-AB in presence and 
absence of a catalyst. Now, answer the following : 
(i) What is the effect of the catalyst on the energy of the reaction and the 
energy of the activated complex ? 
(ii) What is the effect of the catalyst on the rates of the forward and the 
reverse reactions ? 
(ii) What is tke effect of the catalyst on the equilibrium constant ? 


Short Answer Type : 
1. What is rate of reaction ? 
INTR. CH.-17 
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2. What is rate constant ? 

3. Explain the term ‘activation energy’. 

4. What do you mean by a First Order reaction ? 
5. What is half-life of a reaction ? 


6. Ina collision of particles, what is the primary factorthat determines the 
possibility of a reaction ? 


7. How does a catalyst influence the rate constant of a reaction ? 
Problems : 

1. A first order reaction is said to have a rate constant k=739X 10-5 sec-!. 
Find the half life of the reaction. (Ans. t,/2=943X 10? sec) 


2. In a certain reaction, it takes 5 minutes for the initial concentration of 0*5 
mole litre to become 025 mole litre-! and another 5 minutes to become 0:125 
mole litre-!. What is the rate constant of the reaction ? (Ans. 0°138 min-!) 


3. Find the two-third life, fs), Of a first order reaction in which k=5'48 


X 10-1 sec-i, (Ans. 1,5—2:01 x 10° sec) 
4. In an experiment, the following results were obtained : 
[4] [8] Rate 
0:1 M OIM 10 
03M 01M 30 
01M 02M 20 
Find (a) rate equation, (b) order of reaction, (c) rate constant, and 
(9) rate when [4]—0:2 M and [B]--0*5 M. (B. U. 1980) 


5. For the reaction, 2N,0;>4NO,-1-0,, establish a relationship between k,, 
ka and ky. 


6. The oxidation of Vanadium (III) by ferric ion (III) in presence of a cata- 
lyst takes place according to the following mechanism : 
Slow 
V (IID-- Cu (ID ——r (IV) + Cu (1) 
st 


Cu (I)-- Fe (0I) — Cu (ID 4-re (1I) 


Determine (a) the rate equation, (ii) the catalytic agent and (c) order of 


reaction. 
7. Ina reaction the following data were obtained : 
[B] IC] Rate 
01M OIM OIM 10 
02M 01M 01M 20 
01M 03M 01M 30 
01M OIM 02M 40 


Find (a) the rate equation of the reaction, 
(b) order of reaction, 
(c) the value of the rate constant, and 
(d) rate of reaction when [4]—0'3 M, [B] 0:3 M, [C] 20:4 M. 
(B. U. 1974) 
Objective Questions : 
(A) Select True and False statements from the following : 


1. The reaction between Ag* and Cl- ions is instantaneous. 


,2. The rate of a reaction does not depend upon the concentration of the 
reacting species. 


3. The rate of a reaction increases with rise in temperature. 
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4. The rate constant of a reaction is not affected by the presence of a 
catalyst. 


5. The rate equation of a reaction is dx =kC,°.Cy. The order of reaction 


dt 
is 3. 
(B) Below four answers to each question are given. Choose the correct answer. 
1. The rate ofa reaction is given by Bak (constant). The order of the 
reaction is 


(i) 1, (ii) 3, (iii) 0, (iv) none of these. 


2. The time taken for the concentration of a reactant to fall from 1 mole 
litre-! to 0°5 mole litre-* is 5 minutes. The half-life of the reaction will be 


(i) O'5 min, (ii) 1 min, (iii) constant, (iv) 5 min. 
3. The rate of the reaction A+B—>-C- D is given by the following equation : 
~ MALL jaye 
wie [A]LB]. 
If Ais present in large excess, the order of the reaction is + 


4)2, (D 1, (i) 0, Qv) +. 


ooo 


CHAPTER 14 
THERMOCHEMISTRY 


Almost all chemical reactions are accompanied by energy- 
changes. These energy-changes apppear either in the form of evolu- 
tion or absorption of heat. 


The branch of chemistry which deals with the energy-changes 
accompanying the chemical reactions is called Thermochemistry. 


On the basis of energy-changes, the chemical reactions are of 
two types : 


(i) Exothermic reaction—An exothermic reaction is said to beone 
which is accompanied with the evolution of heat. 


C (sS)--Os (g)> CO; (g)4-393:5 kJ 
2 Hs (g)+ Os (g)->2H20 (I)--572:4 kJ 


In these reactions, heat is evolved. 


(ii) Endothermic reaction—A reaction issaid to be endothermic 
when it is accompanied with the absorption of heat. 


C (S) H,O (g) CO (g)-- Hs (g)— 131:2 kJ 
2Hg0 (s)--2Hg (1)3-Os (g)— 180:4 kJ 
In these reactions, heat is absorbed. 


Thermochemical equation—The information about the evolution 
or absorption of heat is usually incorporated with the chemical equa- 


C(s)tOs(g)—COs(g; AH=—393'5 kJ 
2H; (g)--Os (g)—2H,0 (l); AH- —57X:4 kJ 


Besides, the physical states of the reactants as well as the products 
are also indicated in a thermochemical equation. 


Similarly, heat absorbed in an endothermic reaction is expressed. 
with a positive sign. 


2Hg0 (s)-2Hg (1) + Oz (g); AH= 41804 kJ. 


Internal or Intrinsic energy 


A. definite quantity of a substance possesses a fixed amount of 
nergy associated with it under certain conditions. The energy 
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Stored in a substance is called its internal energy. It is symbolised 
‘by E. The internal energy is different for different substances. Thus, 
the internal energy of the reactants is different from that of the 
products. 

Suppose, the internal energy ofthe reactants and the products 
are E, and E, respectively. If E4- E, then during the reaction, 
energy evolved (A E)- (Es — E»). 

But in case, Er < E, then in reaction, the energy absorbed (AE) 
=(Ep— Ex). 

The internal energy (&) is the sum of different forms of energy 
such as (i) energy of translation, (ii) rotational energy of molecules, 
(iil) vibrational energy of molecules, (iv) coulombic energy of elec- 
trons and protons in atoms, and (v) interaction energy of the 
constituent particles. 5 

The exact magnitude of internal energy cannot be determined. 
What is possible to determine is the change in internal energy (AE) 
when the substance passes from one state to another. 


Enthalpy (H) : 

A substance occupies some space according to its volume (V). It 
does so against the opposing influence of the atmospheric pressure 
(P). This makes the substance to have an additional energy (PV), 
due to the occupation of the space. This energy (PV) considered 
along with its internal energy (E) is known as the enthalpy (H) of 
the substance. Thus, 

H=E+PV. 


If a change occurs at a constant pressure, then 
AH-AE-TPAV. 


Again, q=AE+PAV 
where q — heat absorbed by the substance 
i.e; AH -q. 


Thus, for a change at constant pressure, the change in enthalpy is 
equal to the heat absorbed by the substance. 

Enthalpy-changes in chemical reactions—The enthalpy-change for 
a chemical reaction carried out at constant pressure and temperature 
is expressed as 

AH-ZH,—H; 
where H;-enthalpy of the reactants, 
H,=enthalpy of the products. 

AH for exothermic reaction : Let us consider the following 

reaction : 


A+B>C+D+Q 
(Q=heat evolved) 
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Let H, and Hg be the enthalpies of the reactants A and B res- 


pectively. Similarly, let the enthalpies of the products Cand D be 
Hc and H; respectively.i 


Now, the total enthalpy of the reactants = H,+H,= Hp. 
The total enthalpy of the Products = H.+H, =H. 

~ Ha—H.O, or H,—Ha-— —0, or AH --—Q. 
Thus, the enthalpy-change for an exothermic reaction is negative. 


AH for an endothermic reaction : 


A+B+C+D-~Q 
Hy =H, + Hy, H,=Ho+Hp 
Hy —H,4 Q, or H,—H,=Q, or AH-Q 


le, AH for an endothermic reaction is Positive. 
Enthalpy-change (A H) is also known as the heat of reaction, i.e., 
Heat of reaction— AH. 


Heat of reaction (AH): 


Heat of reaction is defined as the change in enthalpy when molar 
quantities of reactants, shown by the balanced equation for the reaction, 
haye reacted completely. 


14.4, C (9+0; (8) CO, (g) +.94:38 kcal. 
AH= —94:38 kcal 

In this reaction, 1 mole of graphite (12 g) reacts with 1 mole of 
Oxygen (32 g) forming 1 mole of carbon dioxide (44g). On the 
completion of the reaction 94:38 kcal of heat is evolved. 


The gaseous reactions may usually be carried out either at cons- 
tant pressure or 


r at constant volume, In such cases, the changes in 
enthalpy are different. 


At constant pressure—When the pressure 
constant, the gas may expand. The 
Let the volume increase from Vito 


c. Work done by the gas P(y, — Vj) -PAV- AnRT. 
AH=AE+PAV, or (AH- AE AnRT. 
At constant volume, AV —0, 
n (AH) = AE, Do (AH) (AH), + An RT. 


An-change in the number of moles of gaseous products and 
reactants. 


of the gaseous system is. 
expanding gas does some work. 
Vo. 


Heat of Formation : 


The quantity of heat evolved or absorbed when one mole of a 
substance is formed from its elements is called the heat of formation. 
Examples : (i) Fe (8) +S (s)--FeS (s)+-24:0 kCal. 
«. AH-—240 Cal. ; 


7 
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(i) 2C (s)+H (g) CH; (g) — 53:14 kCal. 

-. Heat of formation of CH», AH= +5314 kCal. 

Standard Heat of Formation—In case the reactants and the pro- 
ducts of the reaction are in the standard state (i.e., 298 K and 1 
atmosphere), the heat-change is called the standard heat of 
formation. 

The heat of formation of a compound is ameasure ofits stability. 
A compound having large positive heat of formation is unstable, and 
one having negative heat of formation is stable. 


Heat of Solution : 


The heat of solution is defined as the amount of heat evolved 
or absorbed when one mole of a solute is dissolved in a large 
volume of water. This can be shown as : 

HCI (g) - aq5-HClaq +75 kJ 

-. Heat of solution, AH=—75 kJ mole-. 

‘aq’ represents a large volume of water so that further dilution causes 
no further heat-change. 

Heat of solution may be exothermic or endothermic. Certain 
substance when dissolved in water may become too warm or too 
cold to handle comfortably. ; 


Heat of Neutralisation : 

The change in enthalpy when 1 gram-equivalent of an acid is 
neutralised by 1 gram-equivalent of a base in dilute solution is known 
as the heat of neutralisation. It may be represented as : 


HClaq + NaOHaq- NaClaq + HO + 137 kCal. 
HNO,aq + NaOHaq+NaNO,aq + H2O0-+-13'7 KCal. 


AH in both the cases is equal to — 1377 kCal. 


Heat of neutralisatlon involving a strong acid and a strong base is 
always a constant, i e., equal to 137 kCal. (Why ?) 
H*4 Cl--Na* - OH-—Na* 4 CI---H40-- 0 
or H*-OH-—H30 +0 
(Q=heat of neutralisation) 
alisation of a strong acid and a strong 


of neutr id a s 
Thus, ott rmation of water which is 13°7 


base is nothing butthe heat of fo 


kCal. ii 
However, the heat of neutralisation of a weak acid or a weak base 


is not constant. do CUNO 
i iti tralisation, the dissociation 
uch cases, in addition to neu ' 
Fe ee or weak base also occurs. For example, let us 
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consider the neutralisation of acetic acid by sodium hydroxide 
solution : 
(i) CH,COOH--NaOH--CH4COONa T H30-4-13:25 kCal 
In fact, this reaction takes place in two Stages : 
(ii) CH;COOH=CH,COO-+ H*— D kCal 
(D=heat of dissociation) 
(ili) H*+ OH-+H,0 + 13-7 kCal 
Adding (ii) and (iii), we get, 
13°25=— D+13-7 
or D=13'7—13:25= 40:45 kCal. 


Thus, the heat of dissociation of a weak acid or base may be 
determined from the heat of neutralisation data. 


The Laws of Thermochemistry 


1. Lavoisier and Laplace Law—The amount of he: 
decompose a compound into its elements is equal to the heat evolyed 
when the same compound is formed from its elements. 


i.e., Heat of dissociation = — (Heat of formation) 
COs (g)—C (s) +0, (p; AH = +3035 kJ 
C(s)+0, (g)+CO, (g) > AH= —393-5 ky 


2. Hess’s Law of Constant Heat Summation—This law is 
Stated as; 


at required to 


The amount of heat 

evolved or absorbed in a 

r:----9| Stepa L..... g Process, including a 

uy! i chemical, reaction, is the 

H2 Same whether the process 

Is carried out in a single 
t 


Step or in several Steps. 
1 Let H; be the enthalpy 
; ] of the reactants and Hs 
Lasgo > Step BE s 4 that of the products, 
Mees .the net heat- 

(Hess'sLaw Change in the reaction, 
) AH-(H,—H) The 


value of AH remains 
unchanged whether the reaction is carried out via Step A or via step 


B, ie, it is independent of the pathway between the reactants and 
the products, 
Experimental verification—In the Preparation of a molar solution 
9: ammonium chloride in water two methods can be adopted : 
(A)  NH;(g)--HCl (g)>NH,Cl (s) ;q=x KCal. 
NHCI (s)+ aq  —NH,Claq(M) ;q=y KCal. 
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<. Total heat change — (x--y) kCal. 


(B) NH; (g)4- aq —NH; (2M) ; q=z KCal. 
HCl(g)+ aq >HCIQ2M)  ;q-pkcCal. 
NH, (2M)+ HCI (2 M)--NH,CI (M) :q=r kCal. 


Total heat change=(z +p +r) KCal. 

It is actually found that (x+y) ^ (z -p +r). 

Importance of Hess's Law—(i) With the help of Hess's law, heat 
changes can be evaluated for reactions which cannot be carried out 
in the laboratory. In such calculational ‘methods thermochemical 
equations can be added, subtracted, multiplied or divided algebrai- 
«ally. 


Bond Energy : 


Bond energy for a particular type of bond in a compound is defined 
as the average amount of energy required to break one mole of bonds 
of that type present in the compound. 

Bond breaking is an endothermic reaction, whereas the bond 
formation is an exothermic reaction. 

Let us calculate the bond energy of C — H bond in methane. We 
frst determine the enthalpy change (AH) for the reaction 

CH; (g)>C (g)+ 4H (g). 

Let change in enthalpy= AH. Then, 


bond energy, eam 2A 


(as there are four C—H bonds and all are equivalent). 
AH for CH, has been found to be 398:0 kCal. Hence, 


3980 —99:5 kCal mole-t. 


ec-u= 4 


í Solved examples 


1. Find the heat of formation of methane from the following 


evt ^ C4 0,2 CO, t 96900 cal Nm 
H34-10,- HO 4-68400 cal aos (6) 
CH,+202= CO.+2H,0 + 213300 cal .. (iii) 


(M. U. 1981 A) 


Let the heat of formation of methane be x cal. Then 


tion : 
FEE C4 2H; - CH, 4x cal. 


Now, we have to evaluate x. | 
Multiply equation (ii) by 2 and then add to equation (i). From 
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the adduct subtract equation (iii). 
C+0,=CO,+96900 cal 
2H, + O.=2H,O + 136800 cal 


C+2H, +20,=CO, +20 + 233700 cal 
CH, +20,=CO,+2H,0-+-213300 cal 


C-2H;,— CH, =20400 cal 
or C+2H.=CH, +20400 cal 
i X= 20400 cal. 


ie. 
Alternatively 
From equation (i) : 
Eo +Eo, = Eco, +96900 cal 
or 0+0= Eso, +96900.cal 
Eco, = — 96900 cal. 
From equation ii) : 
Ex, TiE,- Ex, o-- 68400 cal 
or 0+0 =Exo 4 + 68400 cal 
or Eg, o — — 68400 cal. 
Now, from equation (iii), we get 
Eou,t+2Eo, = Eco, 2Eg o 4-213300 cal 
2 
Fou, +0= —96900— 268300 +213300 
Ecx, = —96000— 136820 +213300 


= — 20400 cal. 
Heat of formation of CH,=20400 cal. 


or 


or 


2. 26575 cal heat is evolved by the complete combustion of 2 g 
methane. Find the heat of formation of methane when the heats of 
formation of CO, and H,O are 97000 cal and 68000 cal respectively, 
(R. U. 1978 A), 
Solution: Molecular mass of CH,=16. 

<^ 2g CH,=2/16= 1/8 mole CH,. 
Combustion of 1/8 mole CH, gives out 26575 cal of heat, 
combustion of 1 mole CH, gives out (26575 x 8) cal of heat 
= 212600 cal of heat 


die, heat of combustion of CH, — 212600 cal. 
Now, from the data given in the question we get 
CH, 20.— CO, 2H,0 3-212600 cal Lay 
C+ 0,—-CO, -- 97000 cal a GI) 
H,+40,=H,O + 68000 cal. -. Gi) 


We have to calculate the heat of formation of CH;. 
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Let it be x cal. We should, thus, obtain the value of x in the 
equation— 
C+2H,=CH,+<x cal. 


Writing equation (i) reversed, leaving other equation as they: 
are : 


CO. --2H,0 4-212600 cal 2 CH, 4-20; .. (ay 
(C+0,)=CO,+97000 cal . (by 
H,+40,=H,O+68000 cal. .. (c) 


Multiply equation (c) by 2, and add the adduct to (a) and (b). 
2H,+0,=2H,0 4-136000 
CO;4-2H;0 4-212600 2 CH, 4-20; 
C+0, =COz 497000 


C+2H, =CH, +20400 

1:65 x— 20100 cal. 

Thus, heat of formation of CH,— 20400 cal. 

3. The heats of formation of CaCO;, CaO and CO, are 288°5, 
151:9and 941 KCal mole^! respectively. Calculate the heat of 


dissociation of CaCO, into CaO and CO}. (M. U 1973 A) 
Solution : According to the question given, 

Ca+C 4-$05— CaCOs4-288:5 kCal -oA GH 

Ca--0,—CaO +1519 kCal se 4 3 

C-FO,; =CO, + 94:1 kCal my 


We have to determine the heat of decomposition of CaCO;. As 
CaCO, lies on the right of equation (i), this equation is reversed 
sidewise, other equations being written as they are. 


CaCO,--288:5— Ca-- C--30, ..- (ay 
Ca- 40, — Ca0--151:9 .. (b) 
C+ 0, -CO42- 941 Ste @ 


Adding (a), (b) and (c) together : 
-5-I-Ca--3044-C — Ca 4-C 4-Ca0 + CO,+20,+-146:0) 
CaCO, 288/370 -CaO + CO,—425 KCal 
Heat of dissociation of CaCO; —42 5 KCal. 
tion of ethyl alcohol is 330000 cal. If the: 
TAA The peat oF econ and H,O are 94300 cal and 68500 cal: 


: f formation of ethyl alcohol. 
respectively, calculate the heat o: Pus 


or, 
ices 


Solution : According to the question, 


-.30,22CO,--3H,0--330000 cal — .. (i 
COH d 494300cal — 5. GD 
Hy 10, H0. -+68500 cal. .. (i) 


e to find the value of x in the equation— 


We hav 
2C -3Hs--305- CSH,OH +x cal. 
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Reversing equation (i) sidewise : 


2COs--3H,0 +-330000=C,H,OH 4-30, -. (a) 
Multiplying equation (ii) by 2 and equation (iii) by 3: 

2C--205— 2C0,1-188600 -. (b) 

3H,4- $0; -3H,O0 1-205500 z- (C) 


Adding (a), (b) and (c): 


2CO,--3H,0 1-330000--2C--20, - 3H; 4-30, 
= C,H;OH + 30:+2C0; +3H,0 1-394100 
or 2C+3H,+40,= C:H;0H-+-64100 cal 
1e; x= 64100 cal. 
Thus, heat of formation of C;H;OH — 64100 cal. 
5. Calculate the heat of reaction of the following reaction : 
CaCl;--2Na = Ca+-2NaCl + x cal. 


Heats of formation of CaCl, and NaCl are 191 cal and 97:7 cal 
Tespectively, 


Solution : By the question, 


Ecact , +2 Exa=Eca+2Exact+x cal m (i) 
Ecaci, = = 191 cal e (id) 
Exact= —97-°7 cal eje (iii) 


From equation (i), we get 
Ecact, +0=0-2x97:74x 


—191— — 195-44 
"^ xX-—44 cal. 


6. From the following data, calculate the amount of heat evolved 
ae quimolecular mixture of CO and stea 


or 


m is converted into CO, 
and H, : 
Hy--30— He0 (g) + 58000 cal 
C+40,=CO +29000 cal 
C+ 0,= CO; +96960 cal. 
Solution : 
En, +4Eo, — Es, o-I- 58000 
or 04- 0 — En, o-1-58000 
or Ex,0=—58000 ` TO) 
Now Ec+4Eo2 — Eco +29000 
or 0+ 0 = Eco -1-29000 
Or 


Eco = — 29000 . (b) 
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Now ^ Ec Eo, =Eco, +96960 
or 0+ 0 =£co, +96960 
or Eco, = — 96960 es (Cy 


CO--H30 — COs--Hs4-x cal 
A Eco + Ex, o= Eco, =F Ex, TX 
or — 29000 — 58000 = — 96960 + 0+-x 
or x — 9960 cal 
| i.e. Amount of heat evolved — 9960 cal. 
7. Calculate the heat of combustion of carbon monoxide from 
the following data : 
C 4-03— CO; +97000 cal SS (69) 
CO,+C —2CO —39000 cal Arse Gt)" 
(M. U. 1574 A); 
Solution : In order to calculate heat of formation of carbon 
monoxide, we should evaluate x in equation : 
CO +40:=C0,+x cal. 
Eco +40, = Eco, +* 


or 
or Eco-- 0 =£co, tX 
or Eco=Eco, +X «4 (8) 


From equation (i) : 
Ect Eo, = Eco, 4-97000 


04- 0 = Eoo, +97000 


or 
or Eco, = p 2100 cal; pr 
uation (ii) : 
From eq Bco, ~~ Ho= 200 — 39000 
or Eco, +9 =2Eco— 39000 
| 3 Eco, = 2Eco— 39000 
—97000=2Eco— 39000 
or 2Eco = — 58000 
or Bo 6229000 eal 


Ni 5 tion (a) : 
Now, from eque?" “9000 = —97000--x 
or x= 68000 cal. m ps d 
mbustion of C,H, at 17°C and a constan 
A oe be E e. Whit is the heat of combustion at constant 


pressure ? 
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Solution : C.Hi+ 30, = 2CO. +2H,0 (+) 
l Vol. 3Vol. 2 Vol, 0 


There is decrease in volume. Decrease —4— 25 vol. 
(AH) (AH),-- An RT 


= 332190-+2x 2x (273-117) 
= 333350 cal. 

9. The bond energies H—H and CI Cl are 430 kJ per mole and 
242 kJ per mole respectively. Calculate the bond energy of HCl if 
he enthalpy of formation is —91 kJ per mole. 


Solution: From the data, we get 
XH» (g)3-1CL, (g)- 1C] (e); AH=~91 ky .. (a) 
Hov2Ho 077 AH=430 ky .. (b) 
Cho2Cl  ; AH —242 KJ Som) 
We have to obtain the following— 


HCI (g)--H (g)+.¢] (8; AH=? 


For this, divide (b) and (c) each b 
‘Subtract the sum, 


from (a). 


Y i and sum up. Now, 


H>H; ^ AH=215 
iCh-ci; AH-121 
: tH, +4Cl>H + Cl; AH 336 m 
3H, (g) -1CI, (8)>HCl(g); AH= 91 
tH +4Ch Hil. NH 336 
Ese hts Zee 


Sum 


O>- H-CIFHC AH- —427 
or H+CISHC] 3 AH=~497 
or HCI-H--Cl > AH= -4-427 
i.e., 


enthalpy of formation — +427 kJ per mole, 
Questions 
Long Answer Type : 


1. Define the following terms: 

(a) Heat of formation, 

2. State and explain Hes: 
application with example. 


3. Explain why the heat of neutralisation is 13-7 kCal when hydrochloric 
acid is neutralised with sodium hydroxide solution, « 

4. Explain the following terms with examples : 

(a) Thermochemical equation, (b) Heat of form 
tion, (d) Heat of neutralisation, (e) Intrinsic energy. 


(b) Heat of Combustion 


» (c) Intrinsic energy. 
S's law of Constant heat 


Summation. Illustrate its 


ation, (c) Heat of combus- 


(P. U. 1972 A; Bhag. U. 1972 A) 
actions, 
On is negative, while for endother- 


5. Explin ‘exothermic’ and ‘endothermic’ re: 
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| 7. State Hess's Law and show how it is helpful in determining the heat of 
formation of a substance which cannot be determined directly. 


8. What do you understand by internal energy and enthalpy of a 
substance ? 


Short Answer Type : 


1. What is exothermic reaction ? 

2. Explain the term ‘intrinsic energy’. 

3. What is bond energy ? 

4. Which of the following are endothermic reactions ? 


(a) H,SO, ()+H,0 ()—-H,SO, (1'0 M aq); AH=—71kJ 
(b) C+ O> CO, AH--—394kJ 
(C) N.+3H.>2NH;; AH=—94kI 
(d) N,-- O,—2NO ; AH-—--QkJ 


Numerical Problems : 


1. Calculate the heat of formation of SO, from the following data : 
PbO-c- S +30—>-PbSO,+- 165500 cal ood (0) 
PbO+ H,SO, +aq —PbSO,+-H,O+aq+23300 cal  ... (ii) 
SO,- H,O +aq —H,SO,(aq)--41100 cal = Gü) 
(Ans. 101100 cal) 
2. Calculate the heat of formation of anhydrous 4/,C/, from the following 


data : 
2Al+-6HClaq—>AlsCleag+3Ho+239760 cal ZG) 
H,t Cl, — 2HCl -1-44000 cal -- (i) 
HCl+ aq — HClag 4-17315 cal - (iii) 


Al,Cl;- aq —-AlgCleaqg 4-153690 cal - (iv) 
(Ans. 321960 cal) 
3. The complete combustion of 2g of methane evolves 26575 cal of heat. 
Calculate the heat of formation of methane, when the heats of formation of CO, 
and H,O are 97000 cal and 68000 cal respectively. (Ans. 20400 cal) 
4. For the reaction, Al,C/, (s)+-6Na (s)>2Al (s)+6NaCl (s), AH=—2560 
| kCal at 25°C. If the heat of formation of NaCl is —98:3 kCal at the same 
temperature, find the heat of formation of A/,C/,. (Ans. AH-—333:8 kCal) 
5. Find the heat of formation of benzene. Given,the heat of combustion 
of benzene, carbon and hydrogen to be 754300, 94380 and 68380 cal respectively. 
(Ans. 17120 cal) 
] 6. The heat of combustion of CS, is 256:1 kCal. The heats of formation 
of CO, and SO, are 94:3 and 71:0 kCal respectively. Calculate the heat of forma- 
tion of CS». (Ans. 19:8 kCal) 
7. Calculate the heat of formation of PCl; (s) from the following data : 
i) 2P: CEA DICE Os Aim al 
ii) PCI, (+ Ch (g S); SR cal. 
UFU ele ts : (Ans. 108710 cal) 


Objective Questions : 
1. In an exothermic reaction 


(i) heat is absorbed (ii) heat is produced \ 
(iii) no heat change occurs (iv) temperature is constant. 
2. In an endothermic reaction 

(i) heat is liberated (ii) heat is absorbed 


Seni tere RR 
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(iii) heat is neither liberated nor absorbed 
Gy) temperature changes. 
3. In an exothermic reaction the reacting substances 


(i) have more energy than the products 
(i) have less energy than the products 
(ii) have the same energy as the products 
(iv) are at higher temperature than the products, 


4. Heat of combustion of a substance is always 
G) positive (ii) negative (iii) positive or negative depending on the nature 
of the substance (iv) an indefinite quantity. 


5. In the combustion of 2 g of methane Z5 kCal of heat is liberated. The 
heat of combustion of methane is 


G) 10kCal (ii) 20 kCal (iii) 30 kCal (iv) 24 kCal. 


6. The heats of combustion of benzene, carbon and hydrogen are 754300, 
94380 and 68380 cals respectively. The heat of formation of benzene is 
(i) 1782 kCal (ii) 17:62kCal (iii) 17:12 kCal (iv) 16:64 kCal. 


7. According to Hess's low of constant heat summation, the heat change of 
areaction 


(i) depends only on the initial state 

(ii) depends only on the final state 
(iii) depends on both the initial and the final states 
(iv) depends on none of the above. 


8. The heat of formation of CO from the data 

(a) C+0.-> CO,+94000 cal 
] (b) 2C0+-0,-+2C0,+- 68000 cal 
is 

() 20kCal (ii) 22 kCal (iii) 24 kCal (iv) 26 kCal. 


9. The heat of formation of Carbon disulphide is —22:06 kCals. Its intrinsic 
energy would be 


() —22:06 kCal 


@ (ii) -+22:06 kCal 
(iii) 11:03 kCal (v) —11:03 KCal. 
cn Mcineat of formation of a compound is equal to the heat absorbed or 


(G) 1 gof the compound is formed from its constituent elements 
(ii) 1 mole of the compound is formed from its constituent elements 


(ii) 1 g equivalent of the Compound is formed from its constituent 
elements 


(iv) 1 molecule of the compound is formed from its constituent elements. 


11. The heat of combustion of a s 


ubstance is the heat evolved in calories 
when 


(i) 1g of the substance is completely burnt in air 
(ii) 1 mole of the substance is completely burnt in air 
Gii) 1g equivalent of the substance is completely burnt in air 
(iv) none of the above. 
12. The heat of a reaction is the heat evolved or absorbed when 
(i) reactants react in the ratio of their molecular weights 
(ii) reactants react in the ratio of their equivalent weights 
(iii) reaction occurs in accordance with balanced chemical equation 
(iv) 1 g each of the reactants react. 
33. The chemical reaction which takes place with the evolution of heat is- 


(i) endothermic (ii) reversible (iii) oxidation (iy) exothermic, 
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14. The heat of neutralisation of hydrochloric acid with sodium hydroxide is 
(i) 12:5 kCal (ii) 13°7 kCal (ii) 1-4 kCal (iv) 2 cal. 
" on The heat of formation of H30 is 68:3 kCal. The heat of dissociation of 
nO is 
G) 2X 68:3 kCal (ii) 68:3 kCal (iii) 3X 68:3 kCal (iv) 4X 68:3 kCal. 


16. 2:5 kcal of heat is evolved by the complete combustion of 2g of methane. 
The heat of combustion of methane is 
(i) 10 kCal (ii) 20 kCal (iii) 30 kCal (iv) 40 kCal. 


(B) Assign mark T against the true statements and mark F against the false state- 

ments given below : 

1. The heat of reaction of an exothermic reaction is positive. 

2. The heat of reaction of an endothermic reaction is positive. 

3. The internal energy of a substance under a given set of conditions can be. 
determined. 

4: The enthalpy of a gaseous system is expressed by the expression, 

H=E--PV. 
5. (Heat of dissociation) =—(Heat ‘of formation). 


omma 
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CHAPTER 15 


ELECTROCHEMISTRY 


Electrolysis : 


The electrolytes in aqueous solution break up into ions. When 
an electric current is passed through the solution of an electrolyte or 
through the molten electrolyte, the ions carry the current. The 
positively charged ions move towards the cathode and are called 
cations while the negatively charged ions move towards the anode 
and are called anions. The ions get discharged at the respective elec- 
trodes. The process is known as electrolysis. Thus, the process in 
which a substance undergoes chemical decomposition by the passage of 


electricity through its aqueous solution or its molten state, is known 
as electrolysis. 


If the electrolyte contains only one type of cations and one type 
of anions then the cations are discharged at the cathode while the 
anions are discharged at the anode. In case, two or more types of 
cations or anions are present in solution then the least active ion is 
discharged. The decreasing order of activity of some of the ions is : 


K Na Ca Mg Al Zn Fe H Cu Hg Ag 
SO4-- NO; OH- C Bron la 
For example, an aqueous solution 
and OH- ions. When this solution is electrolysed, the less reactive 
H* ions are discharged at cathode instead of Nat ions. CI- ions 
are Fa reactive than OH- ions, hence CI- ions are discharged at the 
anode. 


of NaC! contains Nat, Cl-, H+ 


Tf the electrode is active then at the cathode me 
and at anode metal dissolves regardless o 
ions present in solution, e.g., Cu with CuS 


The relation between the amount of electricity passed and the 
amount of substance dissolved or deposited at the electrode is 
expressed by Faraday's Laws of Electrolysis. 


tal is deposited 
f the activity of the other 
Os, Ag with AgNO. 


Faraday’s Laws of Electrolysis 


Michael Faraday (1832), an English scientist, 
important laws, known as Faraday’s laws of electrol 


First Law : The mass of a substance produced or consumed at 


an electrode is proportional to the quantity of electricity passed 
through the electrolytic solution. Thus, 


made two very 
ysis. 


mxo or mocct 
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where cis the current-strength in ampere, and ¢ is the time in 
second. 


A m=Z.C.t 


where z is a constant, known as the electrochemical equivalent of 
the substance. 

Ifc and t both are equal to unity, m=z. This means that the 
electrochemical equivalent of a subsfance is the mass (in grams) of the 
substance produced or consumed by the passage of current of 1 ampere 
for 1 second. 


Second Law : The second law of electrolysis may be stated as 
follows : / 


When the same quantity of electricity is passed through different 
electrolytes, connected in series, the amounts of different substances 
produced or consumed at the electrodes are directly proportional to 
their equivalent weights. 


If the same current is passed for the same time through solutions 
of copper sulphate and silver nitrate, the amounts of copper and 
silver deposited at the cathode are proportional to their equivalent 
weights, i.e., 31°78 and 107°8 respectively. 


Amount of copper deposited (m,) _ Equivalent weight of copper 
Amount of silver deposited (mz) ^ Equivalent weight of silver 


Now, according to the First law, we have 
m,—zcxt and ma-—zycXt 


where z, and z, are the electrochemical equivalents of copper 
and silver respectively, c is the current for t second in both the 


solutions. 
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Thus, the electrochemical equivalents of two substances’ are in the 
ratio of their chemical equivalents. 


Electrical units : 


Coulomb : The amount of electricity required to deposit by 
electrolysis 0001118 g of silver from a solution containing silver ions 
is called a coulomb. 


96,500 coulombs correspond to Avogadro’s number (6:023 x 1023) 


of electron charges. This bigger unit of electricity is called a 
Faraday. Thus, 1 Faraday =96,500 coulombs 


= 6:023x 10?? electron charges. 


Ampere : The current-strength is measured in amperes. | When 
one coulomb of electricity flows per second through an entire con- 
ductor, it is called one ampere. 

Coulomb = Ampere x second. 


Ohm : It is a unit of resistance of a conductor. Ohm is defined 
as the electrical resistance at 273 K of uniform thread of mercury 
106:3 cm long and weighing 14:4521 g. 


Volt : It is a unit of electrical potential. 


to send a current of one ampere through a res 
called a volt. 


Joule : A Joule is the electrical energy Corresponding to flow of 
one coulomb of electricity at a potential of 1 volt. 


Joule— Coulomb x Volt. 


The potential required 
istance of one ohm is 


Solved Numerical Problems 


1. Calculate the number of coulombs required to deposit 40:5 g 
of Al, when the electrode reaction is, AI9* 4- 3e AI, 


Solution : From the reaction, Al** + 3e Al, it is clear tha! 1 mole 
(27:0 g) of Al requires 3 moles of electron (3 x 96500 coulomb). 


Thus, * 270g Al requires 3x 96,500 coulombs, 


6 405 g Al requires 29600403. coulombs 


—4'34 x 105 coulombs. 


2. How many gram of chlorine can be produced by the electro- 
lysis of molten NaCl with a current of 1:00 ampere for 15 minutes ? 
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Solution : Quantity of electricity —c xt=1-00 amp. x 15x 60 sec 
=900 coulombs. 
Now, 2Cl- -> Clh42e 
2 moles of electrons thus produced 1 mole of chlorine, i.e., 
296500 coulombs produce 71 g of chlorine, 


71 x 900 3 
900 coulombs produce; 56500% of chlorine = 0:333 g of Cl}. 

3. Calculate the amount of silver deposited when a current of 
075 ampere is passed through a solution of silver nitrate for 17 
minutes. 

Solution: Quantity of electricity passed 

= 0:075 ampere x 17 x 60 sec— 76:50 coulomb. 

Equivalent weight of silver— 108. 

Now, *' 96500 coulomb deposit 103 g silver, 
108 x 76:50 


96509 8 48 


7650 coulomb deposit 
—0:0855 gm Ag. 

4. An electric current is passed through the solutions of copper 
sulphate and silver nitrate, connected in series. If 0:35 gm of copper 
is deposited in a given time, what would be the amount of silver 
deposited in the same time ? (Cu 63:57, Ag —107:88) 

.At.wt, .. 63:57 


= 00>" -3178. 


Solution : Equivalent weight of Cu= AS 7 


At. wt. _ 19788 


‘valency TRA 10788: 


Equivalent weight of 4g— 


Amount of Cu deposited _ Eq wt. of Cu 
Amount of Ag deposited Eq. wt. of Ag” 


ee = ae (x=amount of Ag deposited). 


x= 0°35 10788 _ 1.18 om, 


31°78 
5. The electrochemical equivalent of silver is 0-001118. Find out 
the electrochemical equivalent of oxygen. (Mithila U, 1976 A) 


Solution : According to Faraday’s second law of electrolysis, 


Electrochemical equivalent of Ag 
Electrochemical equivalent of Oxygen 
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Chemical equivalent of Ag 
"Chemical equivalent of Oxygen 


z E 0-001118 108 — 0:001118x 8 
or EGG. or EAE ETE Of Zz Tsk: wee 


—0:0000829. 


6. 5 gm of copper is deposited when an electric current is passed 
for 1930 minutes in a solution containing Cw** ions. What is the 
strength of the current in ampere ? 


What would be the amount of Copper deposited when the same 
current is passed for the same time through a solution containing 
Cut ions ? (I. I. T. 1977) 


Solution : Ciut*--2e Cu 


Equivalent weight of Cu — Atomic weight = oe) =31°75. 


31°75 gm of Cu is deposited by 96500 coulomb,. 


5 gm of Cu is deposited by LOK coulomb: 
= 15,200 coulombs. 
Quantity of electricity in coulombs 
—current-strength (ampere) xtime (sec.) 


Current-stren th amp.)= ————_=0 131. 
EC ) 1930x 60 E 
In Cut ions : 


Cut - e Cu 


1 mole of electron deposits 63:5 gm Cu, 
dip 96,500 coulombs deposit 63:5 gm Cu, 


15,200 coulombs deposit rS. gm Cu=10'0 gm Cu. 


7. An electric current of 3*7 ampere was passed for 6 hours 
between nickel electrodes in 0:5 litre 2 M Ni(NO;), solution. What 
will be the molarity of the solution at the end of electrolysis ? 

(X. I. T. 1978) 

Solution: ^ Quantity of electricity = 3:7 x 6x 60 x 60 


=7:99 x 104 coulombs. 
96500 coulombs liberate 1 gm equiy. Ni, 
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: 7:99 x 10* i 
. H M } 3. 
7:99 x 104 coulombs liberate —96500- gm equiv. Ni 


— 0:828 gm equiv. Ni. 
Valency of Ni in Ni(NOs), — 2. 
^ Atomic weight of Ni —2x Eq. wt., 


ons —0'414 mole. 


0:828 Equivalent weight— 


Initial amount of Ni in the solution =2 x 0:5 — 1:0 mole. 
Ni liberated 20:414 mole. 
Ni left in 0:5 litre solution = 1— 0:414 = 0:586 mole. 


Ni present in 1 litre solution c 986 —1:172 mole. 
Molarity = 1:172 M. 
8. On passing a current of 0:5 ampere through a solution of a 
salt of a metal for 32 minutes 0:3158 g of the metal was deposited. 
What is the Eq. wt. of the metal ? (Faraday —96,500 coulombs) 


Solution : Current =0°5 amp. 
Time=32 minutes =32 x 60= 1920 sec. 
Quantity of electricity = 0:5x 1920 = 960 coulombs. 
960 coulombs liberate 0:3158 g of metal, 


0:3158 x 96500 on 
960 g of metal 231774 g 


96,500 coulombs liberate. 
*. Eq. wt. of metal 31:74. 


9. 0:04 g of copper was deposited by a current of 0:101 ampere in 
20 minutes. What are the electrochemical equivalent and equivalent 
weight of copper? (Faraday —96,500 coulombs) 
Solution : Current —0:101 amp. 
Time - 20 minutes = 20 x 60= 1200 sec. 
Quantity of electricity = 0:101 x 1200 = 12172 coulombs. 
121:2 coulombs liberate 0:04 g of copper, 


96,500 coulombs liberate EN of Cu 


—31:85 g of Cu. 
ie. Eq. wt. of copper = 31:85 
Electrochemical equivalent — 3185 =0:033. 
10. A 200 watt, 110 volt incandescent lamp is connected in series 


with an electrolytic cell of negligible resistance containing a solution 
of Zinc chloride. What weight of Zinc will be deposited from the 
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solution on passing the current for 30 minutes ? 
(Zn- 654; Faraday =96,500 coulombs) 
Solution: 
Voltage =110; ES 199 
Time =30 minutes= 30x 60 — 1800 sec. 
Quantity of electricity 


—1:82x 1800— 3276 coulombs. 
9650) coulombs liberate 32:7 of Zinc, 


(I. I. T. 1970) 
Wattage —200, 


Ampere — 290 —]-82. 


TELA inc=1: Zinc. 
6:500 g of Zinc - 1:11 g of Zin 
11. A current of 10 amperes Passing for 15 minutes through a 
solution of silver nitrate deposited 10:14 g of silver. Calculate the 
Eq. wt. of silver. (1 faraday=96500 coulombs) (Bombay F.Y. 1973) 
Solation : Current = 10 ampere, 
Time =15 minutes = 15 x 60 — 900 sec. 
Quantity of electricity =10 x 900 = 9000 coulombs. 
9090 coulombs liberate 10:14 g 4g, 


96500 coulombs liberate 10:14 x 96500 


000 g Ag=108'72 g of Ag 


Eq. wt. of silyer=108°72, 
Applications of Electrolysis : 


3276 coulombs liberate 24 x 3276 


es 


Some of the important applications of electrolysis are the 
following : 


eae in one on metals. The 
: s plating materials are Cu, Ni, C 
Gand noble metals like Ag and Ap. MON dad. 


o 


Al spoon 
being nickel- 
Plated 


Nickel ammonium sulphate 
Solution (electrolyte) 
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<athode (negative electrode) by connecting it to the negative pole of 
the battery. A water soluble salt of the metal to be deposited is 
used as the electrolyte. 

The diagram shows the electroplating of aluminium spoon with 
nickel. 

Reactions: The electrolyte solution contains Nitt, NH,* and 
SO,-~ ions. On passing electric current the following two changes 
"occur : 

(i) At cathode : 

Ni*t* + 2e > Ni 


(from solution) (deposition on spoon) 


(ii) At anode : 


i > NEF + 2e 
(from anode) (goes into solution) 


2. In electro-refining of metals—For this purpose, a large electro- 
‘lytic cell is set up in which impure metal sheets act as the anode and 
thin sheets of pure metal act as the cathode. During electrolysis 
impure metal dissolves at the anode, whereas metal ions from 
solution are deposited at the cathode as pure metal. For example, 
blister copper is purified by this method. 


Anode: Cu(s) Cu**(aq) + 2e 
Cathode : Cu**(aq) 4-2e Cu(s) 


3. In electro-metallurgy—Electrolysis is employed in the isolation 
f a large number of metals (Na, Al, Mg, Ca, Cu etc.) 

For example, in the manufacture of aluminium (by Hall’s pro- 
cess) purified bauxite (alumina, 41,05) is dissolved in molten 
cryolite (Nas AlFe) in a carbon-lined electrolytic cell. The wall of 
the cell acts as the cathode. A carbon anode is suspended in the 
electrolyte and electrolysis is carried out. 


At anode: 20--+C (s)+CO,(g)+4e 
At cathode : AI-**--3e— Al (1) 


4. In the manufacture of compounds—A large number of chemical 
compounds are now prepared by using electrolytic methods. For 
example, sodium hydroxide is manufactured by the electrolysis of an 


aqueous solution of sodium chloride. 
NaCl = Nat + Ch [x2] 
2Cl- > Ch + 2e (at anode) 
+ 2e œ Hg + 20H- (at cathode) 
+ 20H- + Hs + Ch 
ves NaOH. 


2H:0 i 
2NaCl + 2M0 2Na* 
The residual solution on evaporation gt 
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In recent years, many organic compounds have been prepared’ 
electrolytically. 


Galvanic or Voltaic cell : 


A galvanic cell is a device in which electrical energy is generated! 
at the cost of oxidation-reduction reactions going on inside it. 


The experimental requirements of a galvanic cell are: 


(i) The oxidising and the reducing agents are kept in separate 
compartments called half-cells. Each half-cell contains a solution 
and a metallic conductor (i.e., electrode). 


(ii) The solutions in the two half-cells are connected in some 
way that allows the ions to move between them. 


(iii) The potential developed across the two electrodes cause am 


electric current to flow when the electrodes are jcined by an externa! 
conducting wire. 


Example—Daniel cell is a galvanic cell. 


The working. of m 
ZincR Daniel cell consists © 
og oxidation at one electrode 
and reduction at the 
e other. Oxidation occurs 
at the zinc electrode. 
— Copper vessel Zn-Zn*-42e  ..(i) 


Porous pot (oxidation) 
d Zinc electrode is 
Zinc sulphate called the anode. 


Solution The electrons ! thus 


Copper Sulphate released! are pushed out 


Solution into the| external circuit. 

Reduction occurs at 

ye op pagte the copper electrode. 

( Danie! Cell ) rystals This electrode is, there- 


fore, called the cathode. 


Since there is need for 
electrons at the copper electrode for affecting reduction of Cu** ions, 


the copper electrode becomes electron-deficient and it absorbs elec- 
trons from the external circuit, 


Cut++2e>Cu . -(ii) (reduction) 
Ad ding (i) and (ii) we get the cell reaction, 
Zn-+-Cut+—>Zn*++Cu 


N.B.— In electrochemical cells the electrode at which oxidation 
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occurs is called anode, whereas the electrode at which reduction 
occurs is called cathode. 


The Daniel’s cell may be briefly represented as 
Zn | Zn™ | Cu™ | Cu 


The cell is written in such a way that the negative electrode lies. 
on the left-hand side, whereas the positive electrode is on the right- 
hand side. 


E. M. F. of the cell : 


A cell is made up of two half-cells (or electrodes). At each half-- 
cell, there is a tendency of the metal (M) to go into solution as M*** 
ions, leaving behind electrons on the metal. 


M-M*?--ne 


The metal thus acquires more and more negative charge. It 
becomes increasingly difficult for more metal ions to leave the 
metallic surface. A state of equilibrium is soon established. "Under 
this condition, an electrical double layer is formed at the metal 
solution boundary. The metal side has excess of electrons, while the 
solution side has excess of M+” ions. A potential difference, thuse 
exists at the boundary. This potential difference is called electrode,. 


potential. 
The two half-cells being different, the two potential differences 


are different. The difference of potentials between the two half-cells, 
when the cell is not sending current through the circuit, is known as. 


the Electromotive Force (E. M. F.) of the cell. 
Actually, E. M. F.is the maximum potential difference which 
the cell is capable of generating. 


D. is the difference of potentials between: 


Potential Difference—P. eo 1 
]l when the cell is in operation. 


the two electrodes of the ce 


Single electrode potential : 

Each cell is made up of two electrodes. At one electrode oxida- 

tion occurs, i.e., electrons are released, while at the other reduction 

takes place, i.e., electrons are taken up. Each electrode is called a. 
5 Lsi 

half-cell. 


The tendency of an el 
put in contact with its o 


potential. 
The tendency to lose electrons, i.e., the tendency to get oxidised, 


is called oxidation potential. 


ectrode to lose or gain electrons when it is- 
wn ions in solution, is called the electrode: 
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The tendency to gain electrons, i.e., tendency to get reduced, is 
called reduction potential. 

We know that reduction potential of an electrode is reverse of 
oxidation potential. Thus, if the reduction potential is 1'5 volt, the 


oxidation potential will be — 1:5 volt. Hence, both types of potentials 
:are expressed as oxidation potential. 


Tt is not possible to determine experimentally the potential of a 
single electrode. What is possible to determine is the difference of 
;potentials between two electrodes by combining them to constitute 
a complete cell. The potential of one electrode is arbitrarily assig- 
"eda value of zero. The potentials of various other electrodes 


‘are given numerical values by comparing them with the electrode of 
‘the zero potential. 


‘Sign of electrode potential : 


G) The potential of the electrode at which reduction occurs is 
given the positive sign. 


A (ii) The potential of the electrode at which oxidation occurs when 
joined to a standard hydrogon electrode is given the negative sign. 
Example—Cell 1: Zn; Zn** | H+; H, (g), Pt 


Zinc electrode : Zn —Zn'**--2e (oxidation) 
Hydrogen electrode : 2H*--2eH, (g) (reduction) 


Cell reaction : Zn + 2H*-Zmpt* +H, (g) 

Hence, potential of the zinc electrode is 
i.e., Ezn, zn** is negative. 

Cell 2 : Pb, H, (g); Ht | Cutt; Cu 

Hydrogen electrode : H, (g)—-2H*-4-2e (oxidation) 

Copper electrode: — Cu** 2e Cu (reduction) 

Cell reaction : Hs (e) Cu2H*-- Cu 

Thus, copper electrode is assigned the positive sign. 


given the negative sign; 


‘Electrochemical Series : 


The potential of an electrode, at a given temperature, depends 
upon the concentration of the ions in solution. At 25?C, if the con- 
centration of the ions is unity, the potentialis said to be standard 
electrode potential. 


The values of standard electrode potentials, when arranged in the 
decreasing order, constitute the electrochemical series. 


This series is shown in the table given below : 
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Electrode Elsctrode reaction E? (volts) 

Li, Li* Li Lite +3045 
K, K+ K Kite +2925 
Ba, Ba Ba =Bat++2e +290 
Sr, Sr++ Sr Srit+2e +289 
Ca, Ca Ca =Ca*+-+-2e +2°89 
Na, Nat Na Nate -L2:714 
Mg, Mgt+ Mg=Mgi+-+2e +2:37 
Al, AH SAlH++3e +166 
Zn, Zm+ Zn SZuit+2e +0°763 
Fe, Fett Fe =Fet+-+-2e +0°44 
Cd, Cdi Cd =Cdt+-+-2e --0:403 
Co, Cott Co =Cot+-+2e 4-0:336 
Ni, Ni Ni =Ni} 2e +025 
Sn, Sm-t Sn Snp 2e +0:136 
Pb, Pb++ Pb =Pbt+--2e +0:126 
H,, H+ H, =2H* +2¢ --0:000 
Cu, Cutt Cu =Cut++2e —0:337 
Tz 2I--— T +2e —0'53 
Fett, Fert Fet+t=Fett++e —077 
Hg, Hg+ Hg =Hgt++2e — 0:789 
Hg,++, Hgt+ Hg tHg +e —0'92 
‘Ae, Agt Ag =Agt+-e — 0:799 
Pd, Pd++ Pd Pd++42e —0:987 
Au, Autt+ Au =Aut+++3e —1°50 
Br-, Br, 2Br-3 Br,--2e —1065 
CI; Ch 2CI-— Cl;4-2e —136 
FoFi 2F-=F,+2e —2:65 


Uses of Electrochemical Series : 


1. The magnitude of E? value of an electrode is a measure of the 
half-cell reaction to occur in the direction shown. 
Lie LiT e E? = --3:045 volt 
H422H*- e; £9 — +0000 volt 
2F-9 F, +2e; E°= —2:65 volt. 

The higher value of E , for Li=Lit+e, shows that Li has 
greater ERE to form Lit ion. Hydrogen has no tendency to 
form H* ions. 

Similarly, negative higher value of E? for 2F-=F,-+2e shows that 
Fy has greater tendency to form F- ions. 

; which has the highest E? value is the most electro- 
Me e which has the least E? value is the most 


electronegative. 
2. Displacement of a metal from a solution of its salt by a metal 
placed above it in the electrochemical series. 


286 INTRODUCTORY: CHEMISTRY 


Any metal in the series can displace other metals below it from 


‘the aqueous solutions of their salts, Thus, Zn can displace Cu 
from CuSO, solution. 


Zn-- CuSO,—ZnSO,--Cu 4 
Similarly, Fe can displace Cu from CuSO, solution. 


Fe--CuSO ,-FeSO,4-Cu | ` 
3. Prediction of reactions of Metals with acids to liberate Hs. 
With the help of standard electrode potentials Biven in the elec- 
*rochemical series, it is easy for us to predict whether a particular 
metal can react with acids to liberate H, or not. 
Zn=Zn*++ 26; E°=+.0:763 volt 
H:=2H+ 2e; E= +0000 volt 
E? cell — --0:763 — 0:000 = -+0:763 volt— - ve. 


"Writing of cell-reactions : 


In the writing of cell reaction it should be noted that left-hand 
electrode of the cell is the anode (negative electrode) at which 
oxidation occurs, whereas the right-hand electrode is the cathode 
{positive electrode) at which reduction occurs, 

Some examples are described below : 


1. Cell: Zn | Zn** | Cu | Cu 
Reaction at the anode : Zn >Znt++2e 
Reaction at the cathode : Cu*tt--2e— Cu 
*. Cell reaction : Zn--Cu**-Zg- Cy, 
2. Zn | ZnCl, | H+ | He, Pt 
Anode reaction : Zn —Zntt--2e 
Cathode reaction : 2H*--2e—-H, 

Cell reaction : Zn--2H*-»Zn*---H, 


E. M. F. of the Cell from Standard Electrode Potentials : 


The e. m. f. of the cell is calculated by subtracting the reduction 
potential of the left-hand electrode from that of the right-hand elec- 
trode. Thus, 


Eeen = Ertgut — Eteft = Ecathode— Eanods 
Example 1.—Calculate the e. m. f. of the following cells : 


(i) Zn |Zn** (1:0 M) i Cu (1:0 M) | Cu 

Gi) Ag | 48* (1:0 M) I Cu™ (V0 M) | Cu 
Solation : (i) E” nizan tt = +0:763 volt, and E*;,,5,-* — 0:337 volt- 
Bot; 0:763 volt, Egg o, — + 0:337 volt 


< Eee = +-0°337 —(—0:763) 2 -1-100— -- 1:10 volt. 
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(i) E?agjag* = — 0:799 volt; E®cujout* = -0 
; =-03 
E*,5* jag = +.0°799 volt; Boog ieu Ho vat 
Ecett= --0:337— (4-0:799) — 1-0:337—0:799— —0462 volt 
Example 2. On the basis of data given bel : i 
zinc would be oxidised or not wh given below, predict whether 
Af nickel sulphate. when placed in contact with a solution 
Nitt+2e>Ni, Et —025 volt 
Zn^-F2ecZn, E?=—076 volt. 


Solution : 
Zn->Znt++2e, Eozta: = +0:76 vol 
Nit++2e>Ni, E —025 Sit 
c. Zn NP*-Zn** Ni 
and E.n =0°76— 0:255 0751 volt 


As the e. m. f. of the cell is +ve, Zn will be oxidised to Zn**. 
Questions 


‘Long Answer Type: 


5 Wbat are Faraday's Laws of Electrolysis ? How would you verify the 
laws (M. U. 1973 A) 


2. State Faraday’s Laws of Electrolysis. Show x 
equivalents of elements are proportional to their E a. MEE 
3. What do you understand by electrolysis ? 3 
electrolysis of molten sodium chloride ? ysis? How would you study the 
4. What is a galvanic cell? What is the source of electrical energy in a 


galvanic cell ? 
5. Explain clearly what you understand by ‘single electrode potential. Is it 


possible to measure à single electrode potential ? 
6. What is meant by electrochemical series? Des i s 4 
uses of this series. crible briefly the various 
7. The values o 

GI DERI Gut Te) E’ 


f some standard electrode potentials are z 
15 volt 


Fett > Fett + 6, E 0°77 yolt 
Het — Hg** + e E9— —0:92 volt 
2Br- => Bra 1 2e En 1'07 volt. 


hese values, answer the following : 
ce the Cut+ ion ? 
action if a solution containing Fet* ions is mixed 


On the basis of t 
(i) Can Fe** ion redu 
ii) What will be the re: i 
up witha solution containing Hg** ions ? 
(iii) Which of the following is the best reducing agent ? 
Cut, Fet*, Hg+, Br . 


8. Describe any two uses of electrolysis. 
Short Answer Type: 
1. What is electrolysis ? 


2. State the two laws of electrolysis. 
3. Describe the functioning of à Daniel's cell. 
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4. What is an electrode ? 


5. What do you mean by acell reaction? Give your answer with reference 
to the Daniel’s cell. 


6. Write down the cell reactions in the following cells : 


G) Pi H, | H+ || Feitt, Fit | Pr 
g e ENO’): ll AgNO, di Ag 
(iii I] Cut* | Cu 
(iv) Zn | ZnSO, | CaSO, | Cd (B. U. 1976} 


7. Represent cells corresponding to the following oxidation-reduction 
reactions ; 

(i) Zn + 2HNO, — Zn(NO,), + H, 

(i) CuSO, + Fe  -- FeSO, + Cu 

(ii) 2FeCl, -+ 2KI >  2KCl + 2FeCh +h 

(iv) 2KI + Cl, > 2KCI + 21, 
8. Explain the following terms : 

(i) Anode, (ii) Cathode, (iii) Coulomb. 
9. What is a half-cell ? 


10. In the light of electrochemical series, say whether the following reactions- 
would occur or not : 


(i) Silver is allowed to react with Oxygen. 

(ii) Tin is placed in a hydrochloric acid solution. 
(iii) Zinc is heated in steam. 
(iv) SnO, is heated in a current of H3 


11. What is electroplating ? 
Objective Questions : 


(A) 1. When 96500 coulombs of electricity is passed through a dilute solution 
of sulphuric acid, the volume of hydrogen liberated at N.T.P. is 


G) 5'Glitres (ii) 11-2 litres (ii) 22:4 litres (iy) 1 litre, 
2. 96500 coulombs of electricity liberates from a solution of CuSO, 


Mi) 73:5 g of Cu (ii) 31°76 g of Cu 
(iii) 96500 g of Cu (iv) 100 g of Cu. 
3. The weight of Cu de osited by 0:2 Faraday of trici 
BRE ADAE p y raday of electricity passed through 


() 635g (ii) 3:18 g (iii) 318g (iv) 212g (v) 63:5 g. (P.M.D.T. 1973) 
4. When an electric current is passed through acidulated water, 112 ml of 
H, at N.T.P. collects at the cathode in 965 seconds. The current strength ise i 


(i) 1 ampere (ii) 4 ampere (iii) 0*1 ampere (iv) 2 ampere. 
5. What will be the weight of silver deposited 
0'5 Faraday of electricity ? (at. wt. of 472—108) 
() 54g (Qi) 108g (ii) 216g (v) 54g (v) 108 g. 
6. An electrolyte 
(i) gives H+ ions in aqueous solution 
(ii) has ions even in the solid state 
(iii) is highly soluble in water 
(iv) does not ionise in solution. 


7. Which of the following is an electrolyte ? 
(i) urea (ii) glucose (iii) sodium nitrate (iv) canesugar. 
8. In electrolysis the process which occurs at the cathode is 
(i) oxidation (i) decomposition (iii) reduction (iv) association. 


from silver nitrate solution by 


(P.M.D.T. 1976) 
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9. During electrolysis the reaction which takes place at the anode is 
(i) ionisation (ii) oxidation (iii) reduction (iv) dissociation. 
10. The substance which conducts electricity with decomposition is called 
(i) conductor (ii) insulator (iii) electrolyte (iv) non-electrolyte. 
11. In the electrolysis of dil. H,SO, using platinum electrodes 
(i) OH- ion is discharged at the cathode 
(ii) hydrogen is evolved at the anode 
(iii) oxygen is the only gas evolved 
(iv) sulphur is deposited at the cathode. 
12. During electrolysis of NaOH solution in water 
(i) Na is liberated at the cathode and O, at the anode 
(ii) Hy is liberated at the cathode and O, at the anode 
(iii) Na is deposited at the anode 
(iv) None of the above. 
13. What will be the value of current strength if it deposits 1*5 gm of silver 
in 30 minutes ? (E.C.E. of silver is 070001118 g/coulomb) 
(i) 0:747 A. (ii) 0846A (iii) 0647 A (iv) 0477 A. 
14. Which of the following will not conduct electricity ? 
(i) Na*CI- (aqueous solution) (ii) Na*CI- (solid) 
(iii) Na*CI- (fused) (iv) graphite. 
15. How long would it take a current of 3 amperes to decompose 18g of 
water ? (Equivalent weight of hydrogen —1 and that of oxygen —8) 
(i) 8hours (ii) 18 hours (iii 2 hours (iv) 6 hours. 
16. A current of 1°5 amperes is passed in copper voltameter for 20 minutes 
and the weight of copper deposited is 1:591 g. Calculate E.C.E. of copper. 
(i) 3:2: 107! gm/coulomb (ii) 22X 10-* gm/coulomb 
(iii) 1:2X 10-* gm/coulomb (iv) 42x 10-4 gm/coulomb. 
17. One Faraday of electricity liberates from a solution of silver nitrate 
(i) 2 gm-equiv. silver (ii) 108 g of silver 
(iii) 54g of silver (iv) 1 gm atom of silver. 
18. The electrode potentials of the five elements A, B, C, D and E are — 1:36, 
—0:32, 0, — 1:26 and —0:42. The order of reactivity of these elements will be 
(i) A, D, E, Band C (ii) C, B, E, Dand A (iii) B, D, E, A and C. 
19. In the electrochemical series the elements are arranged on the basis of 
(i) electrode potentials (ii) electrical conductivity 
(iii) chemical affinity (iv) oxidation number. 
20. 965 coulombs of electric current was passed through NaOH solution. 
The volume of oxygen liberated at N.T.P. at anode is 
(i) 56 ml (ii) 112 ml (iii) 224ml (iv) 448 ml. 
Jectric current is passed through acidulated water, 112 ml of 
H, s S Garoreaiieets at the cathode in 965 sec. The current strength is: 


(i) 1 amp. (ii) 4 amp. (iii) 01 amp. (iv) 2 amp. 
22. A conducting solution— 


(a) must contain electrons (ii) can be made by dissolving sodium chloride in 
water (iii) can be made by dissolving hydrogen chloride in water (iv) must have 
ions (v) can be made by dissolvinz carbon tetrachloride in water. 

(B) State whether the following statements are true or false : 


1. In the electrolysis of molten potassium chloride, chlorine is liberated at 
the cathode. (LIT. 1978) 


ANTRO. CH.-19 f 


© 
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2. A small amount of acid or alkali is added before the electrolysis of water, 

3. In a galvanic cell, electrical energy is produced at the cost of chemical 
reactions. 

4. The maximum weight of silver which can be displaced from AgNO, 
solution by 0:1 gm equivalent of Mg is 22 g. 


Numericals : 
Based on Faraday's Laws— 


1. 01918 g of Cu is deposited when an electric current of 0'1 ampere is 
passed for 100 minutes through CuSO, solution. Find the electrochemical equi- 
valent of Cu. (B. U. 1973) 

2. Silver is electro-deposited on a metallic vessel of surface area 800 cm? by 
passing a current of 0:20 ampere for 3'0 hours. Calculate the thickness of silver 
deposited, given its density as 10°47 g/ml. (I. I. T. 1978) 

[Ans. Current—0:2 amp., Time=3 hours. 


0:2x 3X 60X 60 


-. Quantity of electricity— 96500 


Faraday 


0:2 3X 60x 60 


Weight i ited= 
eight of silver deposited 96500 


X10792—2:42 g. 
(Equiv. wt. of 42—107:92) 
Let the thickness of silver deposited be x cm. 
-. Volume of Ag deposited —area X thickness 
—(800X x) cm’. 
Weight= Volume X density, 
2:42 g=(800X x) cm? 10:47 g/cm? 
€ 2:42 
53 3— 800x 1027 
Thickness of 4g—2:88X 10-4 cm] 
3. Calculate the amount of Cu deposited when a current of 5 amperes is 
passed through a copper sulphate solution for 30 minutes. (F=96,500 coulombs). 
(Ans. 1:48 g) 
4. An electric current is passed through solutions of CuSO, and AgNO;, 
connected in series. If 1°68 g of Ag is deposited in a given time, how much Cu 
would be deposited in the same time ? (Cu—63:57; 4g—107:88). (R. U. 1976 A) 
(Ans. 0:494 g) 
5. How much time would be required for a current of 0:15 amp. to liberate 
20 mg Cu from a CuSO, solution ? (Cu—64, F— 96,500 coulombs) 
(P. U. 1976 A) 
6. An electric current is passed through molten magnesium compound for 40 
‘minutes, when 0'01 g atom of magnesium is deposited at the cathode. How much 
time will be needed to liberate 0-01 g atom of aluminium by passing the same 
current through a molten aluminium compound ? (I. S. C. Delhi 1979) 
7. An electric current equivalent to that present on 1 mole of electrons is 
[Passed separately through CuSO, and H, SO, solutions. Find out 
(i) What are masses of liberated copper and hydrogen ? 


=0'000288. 
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Gi) What is the value of Ayogadro’s number, when 0:16 g of Cu is liberated 
on passing a current of 0°5 amp. for 16 minutes ? (Œ. S. C. Delhi 1977) 
8. The same quantity of electricity passed through suitable voltameters in 
series, liberates 1-12 litres of hydrogen at N. T. P. and deposits 0'90 gofa metal. 


Calculate the Eq. wt. of the metal. (Ans. 9) 
9. How many hours are required for a current of 3:0 amperes to decompose 
electrolytically 18 g of water ? (Ans. 18 hr) 


10. An electrolytic cell contains a solution of CuSO, and an anode of impure 
copper. How much copper will be refined (i.e., deposited on the cathode) by 150 
amperes maintained for 12 hours ? (Ans. 2:1 kg Cu) 


EICIEI 


CHAPTER 16 


COLLIGATIVE PROPERTIES OF SOLUTIONS 


A colligative property ‘is that property which depends upon the 
number of solute particles present in the solution. It ¡coes not 
depend upon the chemical nature of solute particles. In solution the 
solute particles should not undergo association or dissociation. In 
case of association, the number of particles actually added becomes 
small and hence the value of the colligative property is lowered. In 
case of dissociation, the number of solute particles actually added 
becomes larger and hence the colligative property is increased. 

Some of the colligative properties of a solution are— 

(i) Lowering of vapour pressure, 
(ii) Osmotic pressure, 

(iii) Elevation of boiling point, and 
(iv) Depression of freezing point. 


` Lowering of Vapour Pressure 


When a non-volatile solute is dissolvd in a liquid solvent, the 
vapour pressure of the solvent is lowered. 

Thus, if P, is the vapour pressure of a pure solvent and P, that 
of the solution, then, (Po—Ps) is called lowering of vapovi pressure. 


Relative Lowering of Vapour Pressure— The lowering of vapou: 
pressure (P, —P;) when divided by the vapour pressure of the pure 
solvent (Po) is called relative lowering of vapour pressure, i.e., 


Relative Lowering of Vapour Pressure 2 os 
0 
According to Raoult’s law, P,—P,xm, where n=mole fraction 
of the solute. Since m is a positive quantity and is smaller than 
unity, P; is always less than Po. 


Molecular Weight of Solute from lowering of Vapour Pressure : 


Let w gm of a solute of molecular weight m be dissolved in W gm 
of solvent of molecular weight M. 


- Number of moles of solute — w/m 


Number of moles of solvent = W/M 
Total number of moles in solution — (w/m+ W/M). 
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w/m op 
(Qv[m-W|M) ` 


Since w is very small hence (w/m + W/M) is approximately equal 
to W/M. 


-. Mole fraction of solute= 


nE w|m | wM 
WIM Wm` 
Now, according to Raoult's law, 
Po—P:_ wM Er w.M 
Pee me Uem (BRE). 
Woop 
0 


"Determination of the Lowering of Vapour Pressure : 


Ostwald and Walker's method—In this method, a current of the 
same volume of dry gas (air) is passed through (i) the solution, (ii) 
the solvent and (iii) a suitable absorber to absorb the vapour of the 


solvent. Anhydrous CaCl, is found to be a good absorber. 


The following arrangement of apparatus is used to determine the 
relative lowering of vapour pressure : 


Dru air 


—t* 


f dry air is slowly passed through the sets of bulbs 4 
ipe Sakis is placed in A and pure solvent in B. These 
two sets of bulbs are followed by CaCl, tubes. The bulbs are placed 
a constant temperature bath (thermostat). The air passing 
ts saturated with the eo ent vapour from 

tion. The quantity of solvent vapour carried by the air from 
bulbs MA is Sropoftional to the vapour pressure of solution (P;). 
"When the air passes through the bulbs B, it takes more solvent 
vapour from the bulbs B and becomes saturated at the pressure of 
the pure solvent (Py) which is higher than Ps. The quantity of 
solvent vapour taken from the bulbs B is proportional to (Po~ Ps). 
The total quantity of solvent vapour taken out from both 4 and B 


is proportional to Po. 


in : 
through the solution ge 
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Thus, the bulbs 4 and B are weighed before and after the experi- 
ment. The CaCl, tube is also weighed before and after the 
experiment. : 


Difference in weights of B oc (P, — P;). 
Difference in weights of CaCl, tube cc P,. 


: Loss in weight of solvent T: Py—P. 
“° Gain in weight of CaCl, tube ^ P, 


Abnormal lowering of vapour pressure : If a solute ionises in solu- 
tion, the observed lowering of vapour pressure is found to be greater 
than the theoretically possible value. This is because the number 
of particles in solution increases due to ionisation of the solute. 
NaCl, NaNO,, BaCl,, KCl etc. show such a behaviour. 


Suppose a molecule AB ionises in solution according to the 
following equation : 


AB = At + B- 
1 mole 0 mole Omole (before ionisation) 
1—a a a (after ionisation) 
a is the degree of ionisation. 
Number of molecules after ionisation 
=l-a+a+a=1 +a, 


so Po=Ps)ons. _ Number of moles after ionisation 
(Po—Ps)tneor, | Number of moles before jonisation 
alta 
DU 


e ‘(Po—Ps)ovs,=(Po—Ps)tneor. - (1+0) 


Theoretical molecular weight m 
or = L theor, = 
Observed molecular weight ie r Mobs. ise 


Cause of Lowering of Vapour Pressure : 


The vapour pressure of a liquid depends upon the number of 
liquid molecules per unit volume which escape into the vapour phase. 
Again, the number of escaping molecules depends upon the total 
number of molecules per unit volume of the liquid. When a solute is 
dissolved in the liquid, the number of molecules of the liquid in an 
unit volume of it decreases, Hence, the number of the molecules 
escaping into the vapour phase decreases, The vapour pressure of 
the liquid is thus lowered. 


Derivation of Raoult’s Law : 


Let n moles of a solute be dissolved in N moles of a Bony 
The vapour pressure of the solvent above the solution is proportiona 


COLLIGATIVE PROPERTIES OF SOLUTIONS 295 


to the mole fraction of the solvent in the solution, i.e.,- 


Bec. 
n+N 
or PSK N , where K is a constant. 
n+N 
Ina pure solvent, n=0 and P,— P,. 
M N P. N 
Po=K. % IS, a EotT r NIS 
s caine EN E Pam eM 
12 N Po—P. n 
o 1—==1-— oan : 
y Po n+N os Po n+N 


Thus, the relative lowering of vapour pressure is equal to the mole 
fraction of the solute. This is Raoult’s Law. 


Solved Problems 


1. The vapour pressure of a solution containing 13 gm of solute 
in 1000 gm of water at 28?C is 27371 mm. Calculate the molecular 
weight of the solute. The vapour pressure of water at this tempera- 


ture is 28:065 mm. 
Solution : By the question, 
Po =28'065 mm, P,—27371 mm. 


Weight of solute (w)=13 gm. | 
Weight of water (W)=100 gm; its molecular weight, M —18. 


Let the molecular weight of the solute be m. 


p,-PR, wM 28065—27371 . 13x18 
Noy P Xm NA 28:065 100xm 
0:604 _ 13x18 _ 13x 18x 28°065 _ o4 
9t... n-e Po 


or 8965  100xm 
2. The vapour pressure of water at 20°C is 17:0 mm. Calculate 


the vapour pressure of a solution of 3 gm of urea in 50 gm of water. 
Molecular weight of water is 18 and that of urea is 60. 
Solution. By the question, we have 
Po=170mm, P,-? 
w=3 gm, m=60, 
W —50 gm, M=18. 


= 
Py— P... WM p.p, wi 
Now as Fm’ or Py—Ps Po. Wm 
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à :0—P3—1709x-3X18 | 9. 
or (17-0 EDO Xen 0:306 
Or P,—17:0—0:306 = 16-694 mm. 


3. At 0°C, the vapour pressure of water is 4:62 mm and a solus 
tion of 2:28 gm of CaCl, in 100 gm of water has a vapour pressure 
of 4:584 mm. Calculate the degree of dissociation of CaCl. 


Solution : By the question, we have 


P,=4'62 mm, P,—4:584 mm, 
w=2°28 gm, W —100 gm, 


M «18, m=? 
Po—P,_ wM 462—4584 228x18 
SS immer Sameer AL EHAXIS 
= 462X228x18 _ .. 
or m= 036100 == 52:668 
i.e. Modservea = 52:668. 


Theoretical molecular weight of CaCl, 
—40--2x35:5-111 


ie. Mtneor,= 111. 
Now CaCl, = Catt 4+ 2CI- 
1 mole 1 mole 2 mole 
n=(1+2)—1=2. 
Mtheor, =] 2 111 E : ži 
hppa OF + 2a, | or 2:1076 FAE 
9 2a=1'1076, or x 11076 —0:5538. 


Percentage dissociation — 55:389. 


4. Two liquids 4 and p 
vapour pressure of a solution c 
Bis 550 mm of Hg. At the sa 
is added to this solution, 
increases by 10 mm of Hg. D 
B in their pure states. 


form idealsolutions. At 300 K the 
ontaining 1 mole of 4 and 3 moles of 
me temperature if one more mole of B 
the vapour pressure of the solution 
etermine the vapour pressure of A and 


Solution : Let P, and P, 
A and B. 


Let X, and Y; 
Then, 


be the vapour pressures of pure liquids 


be the mole fractions of 4 and B respectively. 


X,—iand X=? (First mixture) 
X,—$and X&—$ (Second mixture) 
Let the vapour pressure of the mixture be P. 
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Then, P=P,.X,+Ps-Xn, or 550=P,.3+Pa- } 
or Py +-3P,=2200. loa tt ae: 


Second mixture : 


560=P,,i+Ps.#, or Pa+4Ps=2800. dd GH 
Solving (i) and (3 we eet y t i Œ 
P,=400 mm, Ps=600 mm. 


Elevation of Boiling Point 
The boiling point of a liquid is defined as the temperature at which 
the vapour pressure of the liquid becomes equal to the atmospheric 
pressure. The boiling point of any liquid is fixed at a given pressure. 
Whenever a non-volatile 
solute is dissolved in a 
solvent, the boiling e 
point of the latter be- 
comes higher. The diffe- 
rence of boiling points of 
asolution and the pure 
solvent is known as the 
elevation of boiling point 
of the solution. If Tọ be 
the boiling point of a 
pure solvent and T be the 
boiling point Y a 
solute is dissolvcd in it, 
then elevation of boiling O Temp -> To T 
point, AT=(T— To). 


Vapour Pressure —> 


‘Cause of Elevation : 


f the solution is increased because of the 


The boiling point o 3 2 
on the dissolution of a non-volatile 


Jowering of vapour pressure 
solute in the solvent. 

The elevation of boiling 
relative lowering of vapour pr 


point is directly proportional to the 
essure in dilute solution, 
Po=Ps 


i.e., AT « Fog 


Raoult's Law of Elevation of Boiling Point 
1. The elevation of boiling point of a solvent is proportional to 
the molar concentration of the solute in solution. 
ion in boili i tion of glucose 
5, the elevation In boiling poiat ofa2 M solu J 
be I the elevation of boiling point of a 1 M solution of 
glucose. 
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2. Equimolecular quantities of different substances dissoly edin the 
same volume of a solvent register the same elevation in boiling point. 


Thus, M solution of urea and M solution of glucose will have the 
same elevation in boiling point. 

Relation between Elevation of Boiling Point and the Molecular 
Weight of the Solute : 


Let w gm of a non-volatile and non-ionisable solute be dissolved 
in W gm of a solvent. Let m and M be the molecular weights of 
the solute and the solvent respectively. 


Number of moles of solute— w[m. 
^ W gm of the solvent contains w/m moles of sclute. 


-. 1000 gm ofthe solvent contains wx 1000 moles of solute. 
mxW 


h x , ion— !X1000 
Thus, molality of the solute in solution Prec 


According to Raoult's Law, elevation of boiling point, 


w x 1000 


SOL E 


Or T,= , #x1000 
Uer mxW 


Where K is called ebullioscopic constant or boiling point elevation 
constant for a solvent. 


When E and W — 1000, then 


ATpyz Ky. 


Thus, if one mole of the solute is dissolved in 1000 gm of the 
solvent the ebullioscopic constant is equal to tke elevation in boiling 
point. 


Relation between K; and Latent Heat of Vaporisation : 


Thermodynamically, it has been shown that 


_ RT? 
7 Ex 1000 


where, R is the gas constant and is equal to 1:9087 calories, T, is 


the boiling point of the pure solvent on Kelvin tcale ord Lis the 
latent heat of evaporation per gm of the solvent, 
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Determination of the Elevation in boili i 
cular weight of the non-volatile solute is inp polne-and hence tue oa 

The molecular weight of - i i 
using the formula : g a non-volatile solute is determined by 
_ 032 1000 

ATy. W 
A known weight of the solute (w) is di i 
ssolved i 

of the solvent (F). A very sensitive DNE der pm ee 
mann Thermometer. is used to measure the boiling points. Fi e 
all, the boiling point of the pure solvent is determined Í Ther oe 
boiling point of the solution is determined. The differenc s c 
two gives the elevation in boiling point. SA 

Two methods are usually adopted for t. inati 
elevation of boiling point— pied for te desc onl 

1. The Landsberger’s Method—In this method i 

ad eth od: , th i 
heated fo) poe D page into it the vapours of Se NERIS 
eating Wl e help of vapours is done to i f 

super-heating. pon ead 

The flask A cont 


ains the pure solvent. Itis co 

: R nne 

a delivery tube to a graduated tube B. At the top of oe Wie 
is a hole to permit communication with the outer v essel C here 
escaping vapours condense into a condenser. The inner tube B ie 


provided with a thermometer. 
A known weight of 
the solvent is taken in B. 
The vapour of the sol- 
vent is passed into it. 
The temperature of the 
solvent increases. When 
the temperature becomes 
constant, it is noted. 
This is the boiling point 
of the pure solvent. Boiling i | 
A known weight of Liquid ji 
the solute is then put id Hole 
into the solvent an 
apour con- 
tinued until the tempera- 


ture becomes constant. 
This gives the boiling 
point of the solution. 
The volume ofthe solu- 
To Condenser 


tion in tube B is noted. 
From the density of the 
solvent, the mass 0 the 
solvent present 10 the 
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‘solution is found. The volume occupied by the solute is neglected. 
ape difference of the two readings gives the elevation in boiling 
point. 


2. Cottrell’s Method—Th 


*ompletely eliminat: 


l is method is an improvement over the 
ndsberger’s xod. In this, the danger of Superheating has been 
ed. 


A known amount of the solvent 
is taken in the boiling tube A. An 
inverted funnel tube is placed in the 
boiling tube. The bubbles formed 
at the sealed platinum wire B force 
through this funnel a current of 
vapours over the bulb of the 
thermometer E placed above the 
surface of the liquid. The bulb is 


liquid in equilibrium with 


the thermometer js noted. 


solvent, 


teaching the thermometer. 


point of the solution. 


The difference of the two readings gives ATy. 


Degree of Dissociation (a) : 


Leta molecule of an electrolyte AB, dissociate as, 
ABn4= A* 4 (n—1)B- 
1 


(before dissociation) 
(1—a) a (n—l)a (after dissociation) 


Number of moles before dissociation = 1, 

Number of moles after dissociation =] ~ata+(n—1)a 
— HHE(1—1)o. 

Theoretical molecular weight 

Observed molecular weight 


= No. of moles after dissociation 
No. of moles before dissociation 


thus covered with a layer of boiling 
vapour. The constant reading of 
gives the boiling point of the 


The side tube C leads to a 
condenser and the sheath D 
prevents the cold condensate from 


The process is repeated by 
dissolving a known weight of the 
solute in the solvent, The constant 
temperature this time is the boiling 
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mineor, lH- or (n—1)a=7 heor, Moos, 


Le. 
Mobs, 1 Mobs, 
on (m Withecr , — Mobs d Also a= ATove.= A Tineor. 
(n— 1) Mots. (n= 1) A Tineor, T 


Solved Problems 


1. The molal boiling point elevation constant Ky for carbon. 
tetrachloride is 5:02 deg/mole. The boiling point of pure carbon 
tetrachloride is 76:8?C. Calculate the boiling point of a 1:0 mola} 
solution of naphthalene (C45H;) in carbon tetrachloride, 


Solution : By the question, we have, 
Kp —5:02 deg/mole, 
To 76:8. Cg hea 


Molality .of the solution = 3107). — 1-0. 


_ wx 1000 
We know that, AT) =Ko ay 


w x 1000 
TT = Ky UU :02» 1; 76:835. 
or .T— Ty— Kp nxW or T—76:8—5:02 


T-502--76:8—81:822C 
the boiling point of the solution =81:82°C, 


or 
i.e. 
2. The molal elevation constant of water is 0°52°C. At what 
temperature will a solution of 5:6 gm of glucose (C,H,0,) per litre 
boil ? (P. U. 1976 A) 


Solution : By the question, we have, 
Ky=0'52°C; 
Boiling point of water, T, 100°C; 
w=56gm, m=180, 
W —1000 ml=1000 gm. 


w x 1000 
ATy- T- To- Ko mxW 


Now 


“a 
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0°52 x 5:6 x 1000 


Bme , —100— 0:0161 
or T—100 180x 1000 Or T—100-0 

or T= 100 4-0:0161— 100:01619C 

"Gh B. P. of the solution = 100:0161?C. 


3. How much of cane-sugar (molecular weight = 342) must be 
dissolved in 300 ml of water so that the resulting solution has the 
same boiling point as a solution of 3 gm of urea (molecular weight — 
0) in 100 ml of water ? 


Solution : For cane-suger For urea 
x wx 1000 =g, WX1000 
AT, — Ky -mxw ATo= Kp XW 
=g, x 1000 — e, 31000 
Ko 342x300 -Ee O00" 
AT, for both cane-sugar and urea is the same. Hence, 


wx1000 . 3531000 
> 342x 300 — ^* 60x 100 


..342x300x3x1000 ,. 
e = 60xi00x1009 - 213 gm. 


4. A solution containing 0:5 gm of a substance dissolved in 42:0 
gm of benzene boils at 80:1759C. Find the molecular weight of the 
substance if the boiling point of benzene is 80°C and its latent heat 
of vaporisation is 94 calories per gm. (Bhag. U. 1972 A) 


T LIGAT _2x(80+273)? _ p 
Solution: Ko 1000 = ~o4x1000 ^2 653. 


d m Kew. 1000_ 2:653x0:5x 1000 
ow ATs. W — (80175—80)x42 


= 2'653x0°5x 1000 _ 180 
EFE d 
5. One gram of sucrose (molecular weight = 342) was dissolved in 
105 gm of water. The solution was found to boi! at 100:06°C at 
760 mm pressure. How much water must be added to the solution 
so that the boiling point of the solution decreases to 100°045°C ? 


(Magadh U. 1976 A) 
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Solution : By the question, we have 
w=1 gm, m —342, W=105 gm. 
T,=100°C and 7—100:06?C, 
AT=(T—Tp)= (100:06 — 100) 2 0:06?C. 
_ ATy. m. W_ 006x342x105 
wx 1000 1:«1000 


Let the amount of water added to the solution be x gm. The 
b. p. of the new solution decreases to 100045?C. 


Nowiejag Ko -2155. 


Now, w=1 gm, W —(105-- x) gm. 
AT» —100:045— 100—0:045?C, Ky=2°155. 
_ Ko. w. 1000 04s 2155x 1 x 1000 
An Wa oF, OO SE 
_2155x1x1000 _ 
ur (05492 S 149. 


S x=140—105=35 gm. 

6. The boiling point of a solution of 0:4388 gm NaCl in 100 gm 
of water is 102:07?C. Calculate the apparent molecular weight of 
‘NaCl and its degree of dissociation. (Ky for 100 gm water —5:2) 

Solution: By the question, we have 

w=0'4388 gm, W=100 gm, 


T= 100°C, T=102:07°C. 
mU Ky xw x 1000 
Now, —OUNTSXW 


Ky for 100 gm water —522, 
Ky for 1000 gm water = 0:52; 
0°52 0°4388 x 1000 _ 052: 04388 x 10 
m= (102:07— 100) 100 0707 
ular wt. of NaCl —32:59. NaCl disso- 


= 32°59. 


Thus, the apparent molec 
ciates as, 


NaCl--Nat+Cl- 
S. on-22. 
Theoretical molecular weight = 585. 
Let the degree of dissociation of NaCl be a. Then, 


(Theoretical mole.wt.)— (Observed mole. wt.) 
p (n— 1) observed mole. wt. 


= 585—375 — 29°91 9:79 or 19%. 
~@=1)x32°59 3259 
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Depression of Freezing Point 

When a liquid solvent 
is cooled, a temperature 
is reached when solid 
solvent begins to separate 
from the liquid solvent. 
This temperature is the 
freezing point of the 
Solvent. This is the 
temperature at which the 
Solid solvent is in 
equilibrium with the 
liquid ‘solvent and hence 
they have the same 
vapour pressure. 


When a solute is 

dissolved in the solvent, 

T2 f, To the ire zug point of ue 

solvent decreases. 1S 

VB ci me: is called depression in 

freezing point. Thus, if 

T, is the freezing point of the pure solvent and T, is the freezing 

point of a solution obtained by dissolving some non-volatile and 
non-ionisable solute in the solvent, then 


Depression in freezing point— (T, — T3) = AT}. 


Vapour Pressure —» 


Cause of Depression in Freezing Point : 


At atmospheric pressure, a pure solvent freezes at a definite 
temperature. At this temperature, the vapour pressure of the solvent 
is equal to the vapour pressure of its solid. When a solute is dis- 
solved in the solvent, the vapour pressure of the solvent decreases. 
Hence, temperature decreases in order that the vapour pressure of 
the solid may be equal to that of the solvent. This is why the 
freezing point of a solvent decreases when a solute is dissolved in it. 


Raoult's Law of the Depression ia Freezing Point : 
Thelaws propounded by Raoult regarding the depression im 
freezing point are: 


1. The depression in the freezing point of a solvent by a dissolved 
solute is proportional to molal concentration of the dissolved solute. 


AT; CCm, or ATj=K;Cm. 
2. Equimolecular quantities of different solutes dissolved in the 
same quantity of a particular solvent, depress the freezing point to 
the same extent. 


Thus, N/10 solution of glucose and N/10 solution of urea will 
have the same freezing point. 
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Limitations of Raoult’s Laws—(i) They hold good only for non- 
volatile and non-ionisable solutes. 

(ii) The solutions must be very dilute. 

(iii) The solute should not suffer any association or dissociation 
in solution. 

(iv) The process of freezing should occur with the solvent only, 
not with the solute. 


Relation between Depression of Freezing Point and the Molecular 
Weight of the Solute : 


Let w gm of a solute be dissolved in W gm of a solvent. The 
molecular weight of the solute is m. Hence, the number of moles of 


solute — w/m. 


Now, °° W gm of solvent contains w/m moles of solute, 

1000 gm of solvent contains 3 1090. moles of solute 
ie. molal concentration(Cm) of solution — xam. 
If AT; be the depression of the freezing point, then 


where, Ky is a constant known as the molal depression constant or 


the cryoscopic constant. ; 

When w=m and W= 1009, then K;= ATy, that is, the depression 
in freezing point produced on dissolving 1 gm mole of solute in 
1000 gm of the solvent, is known as the molal depression constant 


of the solvent. 
The K; values for 1000 gm and 100 gm of some solvents are 


noted below— 


Solvent Freezing point K; (1000 gm) | Ky (100 gm) 
T SEUN n 0x 

0°C 1:86 186 
Benzene $C 330 $0 7 
Acetic acid 179C 727 727 
Phenol 40°C 28 28-0 
Formic acid 8°C 37:7 377-0 
Camphor 178°C 


Relation between K; and Latent heat of fusion (L) : 
Thermodynamically, it has been established that 
RT? 


Ér-1000xL 


INTR. CH-20 
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where K;=molal depression constanf 


R=gas constant=0°02 cal/mole, 
T )=freezing point of the solvent on Kelvin scale, and 
L=latent heat of fusion per gm of the solvent. 


Experimental determination of Depression of the Freezing Point : 


The Beckmann Method—The apparatus used is shown in the 


D 


LA) 


Beckmann 
Thermometer 


m LLL 
er PETA EEA Eres Pee PEN N, 


Inal 
gusquuus 
ESS 


E ES 
L—L-I--J 

neeem 
1 > w 

3 

[- 

Q 

o 

x 

© 
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figure. It consists of a 
freezing tube A contain- 
ing the solvent. It is 
fitted with a side tube 
B through which a known 
weight of the solute is 
inserted. The tube A is 
fitted with a Beckmann 
thermometer and à 
stirrer and is surrounded 
by an air-jacket. The 
latter prevents rapid 
cooling of the contents 
in tube A. The whole 
system is placed in a 
bigger vessel containing 


Freezing the freezing mixture. 
Tube i 
After setting the 
ck 1 apparatus the freezing 
: Freezing point of a known weight 
mixture of the solvent is first 


determined. The solvent 
is slowly cooled by about 
0:5? o its freezing 
s * point. Itis the i 
vigorously when the temperature begins S rise. RO ee 
perature continues up to its freezing temperature. The temperature 
then becomes static which is noted. 


A known weight of solute whose molecular weight is to be deter- 
mined, is then put into the tube A through the side. It is completely 
dissolved. The freezing point of the solution is determined as 
before. The difference of the two readings gives the depression of 
the freezing point. 


The molecular weight of the solute is now calculated by using 
the formula— 


w x 1000 


mzkK;. DXW 
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where m molecular weight of solute, 
K; — molal depression constant, 
w — weight of the solute, 
ANT; — depression in freezing point, 
W — weight of the solvent. 


Numericals 


1. A solution containing 62:5 g of a nonvolatile solute per 1000 g 
of water has a freezing point 1°6°C less than that of water. Calculate 
the molecular mass of the solute. 

(K;— V:86?C/mol/kg of water) 

Solution: By the question, we have 

w=62'5 g, W=10008, 
AT;= 16°C, K;— 186. 


ei w x 1000 
Now m=K;. AT XW 
62:5 x 1000 
=; Da ill 62:5=72'2. 
186x 1:6: 1000 1625 x 2 


2. What is the molecular weight of a substance of a solution of 
300g in 200g in benzene freezes at 498°C ? (Freezing point of 
benzene — 5:5?C, and Ky for 1000 g benzene —5:12.) 

Solution: By the question, we have, 

w 3:00 g, W=200g 
AT;=To—T = 5°5— 498 =0°52°C, 
Ky=5'12. 
: x 1000 
Now, molecular weight, m= Ky STA 


3 1000 
0:52 x 200 


4 contains 5 g of glucose and 5 g of urea in 800 g 

of pu set) Calculate the freezing poin ofte Folo (b) How 
r. (a e ted in order that i 

much water would have to [o in order that the solution 


have a freezing point of — 
We know that, 
AT;=K; . Cm; 


Solation : (a) 
i 1 =180, 
ular weight of glucose (CoH120«) = 180, 
Mesue weight of urea (NH,CON H,)=60. 
- No. of moles of glucose— 135 = 1/36, 
“No. of moles of urea = 5/60= 1/12. 
=. Total number of moles=ss +1350 


=5:12x = 1476. 


308 INTRODUCTORY CHEMISTRY 


Molal concentration (Gn) =e 1000 = 5/36 


9 ~*~ 800 
S00 AT;— Ky. Cs — 1'86 X 5/36 = 0:258 
le, the freezing point of solution— — 0'258. 


(b) Suppose x is the gm of water evaporated. Then, weight of 
water — (800— x) g. 


A T [41000 
Molal concentration, Cn 7X BOO 


a feeit: 1000 
$ AT 86 X y 


1:86— 1000 
0:82— v= 548 g, 
or 82 9x (80 ) 5 Or x 8g 


4. When 0°82 g of naphthalene (CioĦs) is dissolved in 40 g of 
benzene, the freezing point of benzene is lowered by 0:312°C. When 
0'4 g of another substance is dissolved in 55 g of the same solvent, 
the observed depression in freezing point is 0:05°C, Find the mole- 
cular weight of the second substance, (P. U. 1974 A) 

Solution : By the question, we have 

w=082 g, W=40g, 
m - molecular weight of Ci4H4 — 128, 
AT;= 0°312°C, K;=? 


K, =X AT; XW — 128 x0°312 x 40 


wx1000 0:825: 1000 
— 159744  . 
-—E 71948. 


For the second substance : 
m=), w-04g, W=55g, AT;=0°05°C, 


_ g wX1000 
Now m= KW 


le> 0'4x1000 _ 7792 j 
1948 x T= 75-2833. 


Abnormal depression in freezing point : 


When the solute is an electrolyte, it ionises in solution. The 
number of particles in solution thus increases. Hence, such a solution 
exhibits abnormal depression in freezin g point. 1 


COLLIGATIVE PROPERTIES OF SOLUTIONS 309 


Let us consider the ionisation of A4B,_, molecule into z molecules. 
ABny > At + (n—1)B- 
1 mole 0 0 (before ionisation) 
(1—a) a (n— ija (efter ionisation) 

Number of molecules before ionisation = 1. 

Number of molecules after ionisation=(1—a)+a+(7—1)a 

=1+(a—1)a. 
We know that A7;cc number of moles, 


[4 
(ATs: _ 1+(n—1)a 
aer. (ARN TORNO T 


- wx1000 


But AT;= Kj}. TUA K;, w and W are constants, 


1 Mth 14-(n—1)a 
Trc —. E aM ca 
Dd, m Mobs, 1 
Mtn, — Mobs, dp _ Mth, — Mobs. 
or Mth obs. —(n—])a;.  a—7—— __F 
Movs, k (n— 1)Movs, 


5. A solution containing 1'26 g NaCl in 50g of water freezes 
at —1:539C. Calculate the degree of dissociation of NaCl, if Ky for 
100 g of water is 18°6. 

Solution : Ky for 100 g water =18°6. 

.. Ky for 1000 g water=1:86, w=1'26 g, W =50 g, 
AT;—153*C, m=? 
=x, #1000 
d AT;XW 


j 00 : 
or ma 186 x HERI —30685 — ie. mag. =30°635, 


min, = 58:5, NaCl ionises as, 


NaCL-Na*4CF; |. n-2. 
_ mij, — moss, __58°5—30°635__ g. 
Now, 9-0 pee,  (2=1) x 30635 0909 
2.—90:995. 


Tes. 

6. A solution containing 0°2965 gm of benzoic acid (CsH;COOH) 
in 20:27 gm of benzene was found to freeze at 0:317? below the 
freezing point of the solvent. Calculate (i) the apparent molecular 


weight of the acid, (ii) the degree of association. Given, K;j—5:12. 
(I. I. T. Pattern) 


Solution: The association of benzoic acid in benzene may be 
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represented as 


2C,H;COOH = (C,H;COOH). 
or C,H;COOH = iX C,H;COOH 
(i—a) a 


Pal 
a is the degree of association. 


Total number of particles after association = 1] — a 4 0/2 = (1 — 0/2}- 
Normal molecular weight of benzoic acid — 122. 
Let observed molecular weight of benzoic acid be m. 


— Kr. w. 1000 
AT- W ` 
By the question, we have Ky=5"12, 
w=0°2965 gm, AT;— 0:317, W —20:27 gm. 
5:12x 0°2965 x 1000 
ES e te EY Sos) 
0°317 x 20°27 2262: 


m 


= m 


Now Normal molecular weight 
' Observed molecular weight 


= No. of particles after association 
No. of particles before association 


12 _ 1-9/2 y dte dort 
or 2 sog 9797. 
236 j > OF 9-097, .. % association 97 % 


Osmosis and Osmotic Pressure 


Osmosis is an important colligative property. It was first 
reported by Abbe Nollet in 1748. It was observed that when the 
solution of a solute was separated from the pure solvent by a porous 
membrane, the solvent was found to pass spontaneously into the 
solution. This process is called osmosis. Thus, the spontaneous 
flow of a solvent into the solution or from a dilute to a concentrated 
solution through a semi-permeable membrane is known as Osmosis. 


In osmosis, only the flow of solvent takes place. 


The function of the semi-permeable membrane is to allow the 
solvent molecules only and not the solute molecules through it. 
Examples of semi-permeable membranes are animal membranes 
cellulose, parchment paper, a film of cupric ferrocyanide etc. 


Phenomena of Osmosis : (i) Swelling and Contraction of an Pet 
When a boiled egg with, its shell removed is put into a dilute solute 
of HCI, it swells up in size. This is because the water from ond 
enters the interior of the egg through the semi-permeable skin by t 
Process of osmosis. 
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_ When the same egg is placed in a NaC! solution, it contracts in 
size. This is because the flow of water takes place from the interior 


of the egg to the solution side. 


(ii) Abbe Nollet’s Experiment—The end of a thistle funnelis wrapped 
by an animal membrane. It is partially filled with a concentrated 
solution of sugar and immersed 
in a beaker containing pure 
water. The process of osmosis 
starts. The water from the 
beaker slowly passes through 
the membrane to the sugar 
solution. As a result, the level 
of sugar solution rises in the 
thistle tube until it reaches a 
definite height. The difference 
in levels of the sugar solution 
and the water is equal to the 
hydrostatic pressure set up. 
This is the osmotic pressure of 
the solution. 


Osmotic Pressure—The 
osmotic pressure of a solution 
is defined as the mechanical 
pressure which must be applied 
on a solution to prevent the 
passage of solvent into the 
solution through a semi-permeable membrane. 

The osmotic pressure is thus a measure of difference of pressure 
between the solvent and the solution. It does not depend upon the 
nature of the semi-permeable membrane. It, however, depends on 
the nature of the solvent and the solute. 

Cause of Osmosis—We know that the vapour pressure of a pure 
solvent is greater than that of the same solvent in any of its solution. 
When a pure solvent is separated from its solution through a semi- 
permeable membrane, a difference in vapour pressure exists onithe 

osis sets in because diffusion always takes place from 


two sides. Osm 
a region of higher pressure to that of lower pressure. 


Laws of Osmotic Pressure 


In 1887 Van't Hoff established the existence of a close resem- 
he gaseous state and its dilute solution. 


nce between a solute int i 
fe known as the Theory of dilute solutions. 


pounded a theory, 
He propoun the osmotic pressure of a dilute solution 


ding to this theory, 
Saal a that pressure which the solute itself would exert when in 
the gaseous state haying volume equal to that of the dilute solution. 
Later on, Van't Hoff proposed some laws regarding the behaviour 


Membrane 
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of dilute solutions— 


First Law (Boyle-Van't Hoff’s Law)—The osmotic pressure of a 


dilute solution is directly proportional to its concentration at constant 
temperature. Mathematically, 


PC, when T is constant. 
Further, Cat, where Visthe volume of solution containing 
1 mole of the soiute. 
Poet 


or PY =constant. (i) 


Thus, the product of the osmotic pressure and the volume of a 
dilute solution is constant at a given temperature. 


Second Law (Charles-Van't Hoff's Law)—The 


asolution varies directly as the Kelvin temperatur 
tration. 


osmotic pressure of 
€ at a given concen- 


Mathematically, PocT, when C is constant 


Or P=kT, where k is a constant 
2 
or =k. 2: SCI 
F (i) 


Equations (i) and (ii) are similar to Boyle’s Law and Charles’ 
Law respectively for gases. The only difference that exists is that 
the osmotic pressure (P) is taken for the gas pressure. 

Third Law (Avogadro-Van't Hoff's Law)—According to this law, 
equal volumes of all solutions having the same osmotic pressure and 
temperature contain the same number of molecules. 

For solution I, PWV =nyRT, 

For solution II, PVo=nRT». 

When P, —P;, V1=V; and T,— T,, then T, — ls. 

Thus, solute molecules in solution obey Avogadro's hypothesis. 


. From the results of these investigations Van't Hoff was able to 
draw a similarity between the properties of solution and the 
properties of gases. 

Combined Form of the First and the Second Laws: Van't Hoff 
combined equations (i) and (ii) and suggested the relation 


PV=RT, 


where Ris a constant, V is the volume of the solution containing 1 
mole of the solute. If n moles of a solute are dissolved in volume 
V of the solution, the above equation becomes 


PV=nRT. 
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Value of R—R in equation, PV — RT is 

É d cs a constant, known 
solution constant. The numerical value of the solution donee "E 
the same as that of the gas constant. D. 


Isotonic Solutions—Two solutions having the i 
ssure are called isotonic solutions. Thus, MBEn WO ue Dus 
tions are kept in contact with each other through a eminet Hbi 
membrane, there is no osmosis from either of them. Thisis v : 
the isotonic solutions have the same molar concentration ana tthe 


the same vapour pressure. 


M ; M . 
Fee of urea and yj solution of glucose are isotonic 


because their molar concentration is the same. 


M ; M a : 
solution of glucose and IÔ solution of NaCl are not isotonic. 


M/10 solution of glucose contains 1/10 
re, a litre of M/10 NaCl solution contains 


more than 1/10 mole on account of ionisation of NaCl. 
Hypertonic Solution—A solution is said to be hypertonic with 
respect to the other when the osmotic pressure of the former is 


higher than that of the latter. 
Hypotonic Solution—A solution is said to be hypotonic with res- 
pect to the other when the osmotic pressure of the former is less 


than that of the Jatter. 


This is because although 
mole of glucose per lit 


Relation between Osmotic pressure of solution and the molecular 


weight of solute : 


Let a solution containing W E ofa solute produce an osmotic 


pressure p. Then, 


PV =nRT 
s py -2w[m RT, where m= molecular weight of solute 
w.RT 
or Tey OB Vag 
where V — volume of solution containg w gm of the solute, 
R-0:0821, 


P osmotic pressure in atmosphere, 

T- absolute temperature. 

Abnormal Osmotic Pressure—in order to account for the abnor- 

mal behaviour of electrolytes in solution, Van't Hoff introduced the 
Hoff factor, This factor is defined as, 


factor ‘i’, known as the Van't 
the ratio of the colligative effect produced by a definite concentration 
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of the electrolyte divided by the effect observed for the same con- 
centration of a non-electrolyte. 


TER EATUR ATP A Po (ER) 


CAT) (AT)e (P)  (Po—P)o 
The subscript *o' in the denominator indicates the value for the 
non-electrolyte. 


For solutions of electrolytes, 


P,—P-i (P, —P)o— iP. Xs 
X5 — mole fraction of solute 
P,=vapour pressur of seolvent 
ATs=i(AT;)o=iKy. m 
ATp — Í( ATy)o — iKym 


i nRT 
EDS 
Degree of Dissociation—The fraction of the total number of mole- 


cules which dissociates into ions is called the degree of dissocia- 
tion (a). 


Osmotic pressure, TAY 


AzBy = xA* + yB- 
m 0 0 
m(1—a) mxa mya 

Total number of moles before dissociation=m 
Total number of moles after dissociation =m(1—a)--mxa--mye 
=m[l+a(x+y—1)]- 
Let x+y=n. 

Total number of moles after dissociation 

=m[1+a(n—1)]. 
P _m{l+o(n—1)] 


(P) F3 or i=[l+-a(n—1)] 
or i-1-a(n—l) or "aL. 


Measurement of Osmotic Pressure 


1. Berkeley and Hartley Method—This is an accurate method 
for measuring the osmotic pressure of a solution, The outline O 
the apparatus used is shown in given figure. The solution, of which the 
Osmotic pressure is to be determined is placed in vessel A made of 
gun metal alloy. This vessel is fitted with a water-tight piston. By 
putting known weights on the piston, the desired pressure can be 
exerted on the surface of the solution. A porous tube B is tightly 
joined to the vessel 4. On the sides of the tube B a thin layer of 
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copper ferrocyanide is deposited. This serves as a semi-permeabl 
membrane. Tube B is filled with the solvent and is a with S 


capillary tube T on one side of it. 


jugum 


Due to osmosis, the Jevel of liquid in the capillary falls, {but by 
applying a suitable pressure on the piston, it is brought back to its 


original position. This pressure is taken as the osmotic pressure of 


the solution. 


Advantages of the ? 
itis less time-consuming. 

(ii) There is no possibility of the semi-permeable membrane 
being broken as it is under equal pressure on both sides of it. 


(iii) The concentration of the solution does not change. 


(iv) The apparatus is portable. 


Method—(i) As equilibrium is established soon, 


Solved Problems 


1. The osmotic pressure of a sugar solution at 24°C is 2°51 
What is the concentration of solution in mole 


atmospheric pressure. 


per litre ? 
Solution : Let the number of moles per litre be n. 
+, PV-nRT 


or psi x1=nx0-082%(273+24), or 2S1=nx 0082x297 


A CODEC. 
or n-p 0192. 


ecules of urea must be added to 10 ml of water 
pressure of 0'8 atm. is to be established ? 


Solution : V =10 ml=0'01 litre, 
p-—08atm, R—0:082, T=273+10=283 K. 
PE 


Now =nRT 


2. How many mol 
at 10°C if an osmotic 
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or 0°8 x 0:01 =n x 0:082 x 283 
EOSO OL SRE ssl 
=o 082x2837? 45 X 107! moles. 
—3:45x 10-4 6:02 x 10?? molecules 
— 2077 x 10% molecules. 
exhibits an osmotic press- 
weight of sucrose ? 


or n 


3. A 2% solution of sucrose at jee 
are of 1016mm. What is the molecular 
Solution : Let the molecular weight of sucrose be m. 

2 g of sucrose is dissolved in 100 ml solution, 
y 


m g of sucrose is dissolved in 00m ml solution 


100 xm : m, 
litre == : 
itre 20 litre 


~ $x1000 
Mem. 
Now P=1016 mm = 16 atm. 
PY-RT 0. Tap —0082x 288 
Or ae 0082x288 760x 20 3533. 


he A Solution contains 0°40% urea (molecular weight=60) and 
7o sucrose dissolved init. Calculate the osmotic pressure of the 
Solution at 27°C, 


Solution: -+ 49 § urea is dissolved in 100 ml solution, 


60 g urea is dissolved in 10x60 ml solution 


L 10O LEONES She eau 
7 040x1000 enum litre. 
Let pressure exerted ‘by urea molecules be P}. 
Itu. 
Pura L 082 x 300 


Py= 82x 900% 20. 1°64 atm. 
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Similarly, "^ 3:42 g sucrose is dissolved in 100 ml solution, 


342 g sucrose is dissolved in 100842 mi solution 


3:42 
T0042 RTI: 
7442x1000 ^ 10 litre. 
Let the pressure exerted by sucrose molecule be P,. 
Then, Pax 102 0:082. 300 
or p,- 0925300. 46 atm. 


Total pressure exerted by the solution 
=1°64+2°46=4'10 atm. 


5. Calculate the concentration of a solution of glucose which is. 
isotonic with a solution containing 6 g of urea per litre. 


Solution : 6 g urea — 5; —0'! mole per litre. 


Thus, V.-dilitre;nz0:5 PS T0 XRT 

or P=01XRXT. ss SGX 
Let the concentration of glucose solution be n, moles per litre. 
Hence, Px1=n,x RT. .. (i) 


nyX RXT=0'1X RXT, or m -0:1 mole 
ie. concentration of glucose solution 
—0'1 mole per litre—0:1 x 180 g per litre— 18 g per litre. 


6. 3:58 g of NaCl was dissolved in 120 g of water at 77°C. The 
osmotic pressure of the solution was found to be 2000 cm. Calculate 
the degree of dissociation of the dissolved salt. 


Solution : Let the theoretical osmotic pressure be Pin- 


PV =nRT 
or Pu, x qa =} (9082 x 350 
ar P= 758% 00823501000, 14:64 am. 
* Pons, 2000 atm — 26:32 atm, 


= Pops, — Pin, ..26:32— 14°64 
(2—1)Pen, 14°64 


=0°7978 or 79°78 %. 


a 
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7. The osmotic pressure of a solution containing 32:4 g of 
sucrose per litre was found to be 2°43 atm. at 0°C. What would be 
the osmotic pressure at 20?C of a solution containing 42 g of sucrose 


per litre ? 
Solution : 
t" 32:4 g sucrose is dissolved in 1 litre, 
-. 342 g sucrose is dissolved in E litre 
: IN 342 ,. 
ie. volume containing 4 mole of sucrose = zzy litre 
À 23421. ND. v 
1.e., Kosai litre, P=2°43 atm, T=273 K 


Now PV=RT. 


_ PV _ 243x342 


E R= aK ara — 0:094 litre atm deg. 


For the second solution : 


42 g sucrose is dissolved in 1 litre, 
342 


". 342 g sucrose is dissolved in A litre 

ie, V—39 lite, P=} T=23K 
42 

Now PV =RT 


_ RT _0:094x293 x42 
y Er 


[2] 
9 
"v 


— 3:38 atm. 


Questions 
‘Long Answer Type: 


1. State and explain Raoult’s Law of the lowering of yapour pressure. 


2. What do you mean by relative lowering of vapour pressure of a solyent ? 
Deduce an expression for the relationship between the molecular weight of a 
solute and the relative lowering of vapour pressure. 

3. Describe an experiment to determine the lowering of vapour pressure of 
a solvent when a non-volatile solute is dissolved in it. 


. .4. Explain how Raoult's Law can be used for determining the molecular 
weight of a dissolved non-volatile substance. 
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5. What is meant by elevation of boiling point ? How isit related to the 


molecular weight of a solute ? 
6. What is molal elevation constant 2 Describe Landsberger's method for 
determining the elevation of boiling point of water on dissolving a non-volateil 


solute in it. 
7. What is meant by cryoscopic constant ? Explain how the depression of 
asolvent may be used to determine the molecular weight of the dissolved 


substance. 
8. State the laws of osmotic pressure. Explain how the osmotic pressure is 
analogous to gas pressure. How can the molecular weight of a substance in 


solution be determined from its osmotic pressure ? 


9, Write short notes On- 

(i) Semi-permeable membrane, (ii) Osmosis, (iii) Osmotic pressure, 
(iv) Isotonic solution, (v) Hypertonic solution, (vi) Hypotonic solution, 
(vii) Van't Hoff Theory of dilute solutions. 


Short Answer Type : 

1. Vapour pressure lowering is a colligative property, ie, it is a property 
which depends only on the number of solute particles in solution and not on the 
nature of these particles. Explain. 

2. Will the normal boiling point of an aqueous solution and pure water be 
the same ? Why ? 

3. How does the vapour pressure lowering affect the fre 


solution ? 
4. Under what conditions does water boil at ordinary temperature ? 


F Why is the vapour pressure of a solvent lowered by dissolving a solute 
in it 
6. Which of the following will have a higher vapour pressure ? 

M/10 solution of urea or M/10 solution of NaCl. 


ezing point of the 


‘Objective Questions 
1. A small amount of urea is dissolved in water. The vapour pressure of the 
solution will (i) increase (ii) decrease (iii) remain constant (iv) be none of these. 
2. The lowering in vapour pressure of M/10 solution of urea as compared 
to M/10 solution of KCI would be 
(i) same (ii) higher (iii) lower (iv) half. 
3. Lowering in vapour pressure will be 
(i) 01M Na,SO, (ii) 01 M NaCl (iii) 0-1 M urea. 
4. Lowering in vapour pressure is (i) a colligative property 
property (iii) an intensive property (iv) a fundamental property. 
5. Whenever a non-volatile solute is added to a solvent 
(i) the vapour pressure of the solvent remains unchan 
(ii) the vapour pressure of the solvent increases 
(iii) the vapour pressure of the solvent is lowered 
(iv) the volume of the solution increases. 
tis equal to the mole 


6. The relative lowering i = ]ven 
i y g in vapour pressure of a solve! 
fraction of the solute dissolved in it. This statement is know 


(i) Boyle's Law (ii) Raoult’s Law (iii) Charles’ Law- à 
7. 01 M solution of urea and 01 M solution of glucose will have 


... .@ same vapour presure (ii) approximately the Sam epnapouET BASES 
(iii) different vapour pressures. 


(Bihar PMDT, 1979) 
(ii) an extensive 


ged 


n as 
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t 

8. Which of the following produces abnormal lowering of vapour pressure 
in water. 

(i) urea (ii) sucrose (iii) sodium chloride (iv) fructose. 

9. Two solutions 4 and B have the same "osmotic pressure. Such solutions 
are called (i) Hypotonic (ii) Hypertonic (iii) Isotonic (iv) conjugate. 

10. Which of the following is an additive property ? 

(i) lowering of vapour pressure (ii) elevation of boiling point (iii) mass 
(iv) none. 

11. The relative lowering in vapour pressure of a solution is 


(i) inversely proportional to the osmotic pressure 
(ii) directly proportional to its osmotic pressure 
(iii) equal to its osmotic pressure 

(iv) none of these. 


12. The lowering in vapour pressure depends on 


(i) number of solvent molecules 

(ii) total number of molecules in solution 
(iii) number of solute particles in solution 
(iv) weight of solute in gram. 


13. When a solute is dissolved in a solvent, the boiling point of the solvent 
G) remains unchanged (ji) increases (iii) decreases (iv) sometimes 
increases and sometimes decreases. 


14. The elevation in boiling point is directly proportional to the concentra- 
tion of solute in 

(i) gm/ml (ii) moles/litre (iii) gm/litre (iv) volume/litre. 

15. Which of the following has the highest boiling point ? 

(i) N/10 urea (ii) N/10 glucose (iii) N/10 NaCl (iv) N/10 BaCl.. 
a i beitta ole nf chu is dissolved in 1000 gm of a solvent, the 


@ l elevation point (ii) solution constant (iii) molale i 
co! i " n ation 
nstant (iv) cryoscopic constant. Gii) lal elevatio 


17. The method used to determine the elevation in boiling point is 


Gs) cones meinga (i) Hofmann’s method (iii) Landsberger method 


18. When 6'0 gm urea is dissolved in 1000 gm of ; ; 
boiling point of water is 0*529C. Kə for 1000 em Water is edidi is meagre n 
(i) 0°52°C (ii) 52°C (iii) 52:0?C (iv) 10°C (v) 20?C. 
19. The relationship between the molal elevati , 
latent heat of evaporation (L) is expressed as ion constant (Ky) and the 


(um 9T. — qp ke Ler 
di) x, LE (iv) Kp= DOM. 


20. The molal elevation constant for 100 gm of water is 
a18 di) 180 (ili) (L5 (iv) Z5 (v) 1'15. 
21. Beckmann Thermometer is used to measure 


(i) relative lowering of vapour pressure 
(ii) temperature in oG 
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(iii) temperature in °F E 
(iv) difference of temperature 1n ec. 
22. Depression in freezing point of a solvent is proportional to 
(i) concentration of a solute in gm/litre 
(ii) concentration of a solute in moles/litre 
(iii) concentration of the solute in moles per 1000 gm 
(v) none of the above. 
23. Molal depression constant is 


(i) same for all solvents 
(ii) different for different solvents 
(iii) none of the above. 
24. When 1 mole of a non-volatile solute is dissolved in 1000 gm of a 
solvent. the depression in freezing point of the solvent is known as the 
(i) ebullioscopic constant (ii) normai depression constant 
(iii) molal depression constant (iv) solution constant. 
25. Ky for 100 gm water is 18°6. Ky for 1000 gm water will be 
(i) 1860 (i) 18600 (ii) 186 Qv) 1:86. 
26, Which of the following will ihave the largest depression in freezing point ? 
(i) M/10 solution of urea (ii) M/10 solution of KCI 
(iii) M/10 solution of BaCl. 
27. Which of the following will have ‘the highest osmotic pressure ? 
G) N/10 glucose (ii) N/10 urea (iii) N/10 NaC/ (iv) N/10 fructose. 
28. A solution A is found to have an osmotic pressure 2'5 atm, whereas 
another solution B has an osmotic pressure 3:6 atm. The solution A, with 


respect to B, is said to be 
(i) isotonic (ii) hypotonic (iii) hypertonic. 
29. M/10 solution of glucose is said to be hypertonic with respect to 
(i) M/10 solution of urea (ii) M/20 solution of urea 
(iii) M/5 solution of urea. 
30. The osmotic pressure of a solution is 
(i) constitutive property (ii) additive property 
(iii) extensive property (iv) colligative property. 
Numerical Problems : 


1. Freezing point of a biological fluid is —0°56°C. Calculate its osmotic 
pressure at 37°C assuming that change in the temperature does not change its 
solution characteristic. K;— L:86?C per 1000 gm of HO) (I. I. T. Pattern) 


[Solution : We know that, 


L Ti Ky. w 1000 
ATI=Ks. Hy 


Here, AT;=0°56°C, Ky =1'86. 1f weight of water=1 gm=W, then 


0:56—1:86x 7 X 1000 
m 


or w 056 E ze i 
55 ES DEED mole/gm 


-. Molality of the solution—0:3013x 107*X 10°=0 30134 
From osmotic pressure equation we have, 


py= RT 
m 


INTR. CH.-21 
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or p=. RT —03013 202X310 _ 7.66 atm] 
n 


2. Calculate the osmotic pressure of a 10% solution of glucose at 27°C. 
(Molecular weight of glucose= 180.) " (Ans. 13:68 atm) 


3. The osmotic pressure of a solution of urea at 10°C is 500 mm. If the 
solution is diluted ten times its original volume, what will be the osmotic 


pressure of the diluted solution at 15°C ? (Ans. 50:92 atm) 
4. Calculate the osmotic pressure of a decinormal solution of NaC! at 27°C, 
assuming that the salt is 90% dissociated at this dilution. (Ans. 4°68 atm.) 


5. Calculate the osmotic pressure at 25°C of an aqueous solution containing 
30 g of urea, 3:01 x 10°? molecules of sucrose, and 0'01 mole of a non-volatile 
solute whose molecular weight is 80 in 1800 m! of water. (Ans. 7:6. atm.) 
6. What is the osmotic pressure at 25°C in a solution containing 30g of 
urea in 1800 ml of water? Assuming no change in volume, what would be the 
osmotic pressure at 50°C ? (Ans. 6°80 atm; 7:36 atm) 
7. 1732 g of a substance is dissolved in 100 ml of a solution. The osmotic 
pressure of this solution is the same as that of a solution of cane-sugar 
(C,,H,,0;,) containing 4:23 g of sugar in 100 ml of solution. Calculate the 
molecular weight of the substance. (Ans. 140:1) 
8. When 1:71 g of a substance is dissolved in 100 g of mercury, the vapour 
Pressure of the latter decreases from 758 mm to 747i mm. If the molecular 
weight of mercury is 200, find the molecular weight of the solute. (Ans. 237:8) 
. 9. The vapour pressure of an aqueous solution of cane-sugar (molecular 
weight—342)is 756 mm. Calculate the amount of cane-sugar in 1000 g of 
water. (Ans. 1004 g) 
10. The solution of non-electrolyte having molecular Weight of 60 and 
containing 11 gm of the compound per litre was found to beisotonic with a 
decinormal sodium chloride. What is the apparent degree ofionisation of the 
electrolyte ? (Ans. 83:3395) 
11. A 010 molal solution of acetic acid in water freezes at 0°190°C. Cal- 
culate the per cent dissociation of acetic acid at this temperature. (Ans. 2%) 
. 12. The freezing point of pure camphor is 178'49C and its molal freezing 
point constant is 40'0 m~t, Find the freezing point of a solution containing 
150 gm of a compound of molecular weight 125 in 25:0 gm of camphor. 
(Ans. 13:79C) 
T here is 1:7 gm 
Find out the molecular 
(Ans, 5°18°C) 
g 1:19 gm of 
- Ke for 100 
(Ans. 255) 
edto 4000 gm of water to make 
' (Ans. 150:5 gm) 
-volatile solute boils at 100:169C at 
hat isitsfreezing point? What is 


13. The boiling point of water is raised by 0'0719C when t 
of cane-sugar (C;;H,,0,,) in 25 gm of the solvent. 
elevation of boiling point of water. 

14. The boiling point of ether is raised by 0°296°C on dissolvin 
iodine in 35 gm of ether. Calculate the molecular weight of iodine 
gm of ether is 24:2. 

15. How many grams of urea must be add 
the solution boil at 100:329C ? 

16. The aqueous solution of a certain non 
normal pressure. Whatisthe molality? W] 
its vapour pressure at 1009C ? 


17. A solution of CaCl, in water contains 4:8 gm per litre of it and boils at 
100:057°C under atmosphere. Calculate the degree of ionisation of CaCl,, if 
Ko for 100 gm of water is 52. (Ans. 76°75%) 


000 


CHAPTER 17 


THE COLLOIDAL STATE 


Crystalloids—Certain substances, such as sugars, salts, acids and 
bases can diffuse readily through a parchment paper. These subs- 
tances are called **Crystalloids". 

Colloids—Some substances, such as gelatin, albumen, glue and 
silicic acid diffuse through a parchment paper at a very slow rate. 
These are called “Colloids”. 

The colloidal state is a state of matter in which almost every 
substance can be brought by suitable means. 

True solution—In a true solution, the particles of the solute exist 
as molecular dispersion in the solvent. These particles are so small 
that they find their place in the intermolecular space of the solvent. 

Suspension—In this, the molecules ofthe substance remain sus- 
pended in the liquid. The suspended particles are visible through the 
naked eye or through a microscope. When the suspension is allowed 
to stand for some time, the particles of the substance settle down at 


the bottom of the vessel. 
Examples : Dust particles in water, smoke in air, oil in water. 


The dimensions of particles in suspension, colloid and true solu- 
tions are noted below. 


System Size of Particles 
Suspension bigger than 10-5 cm 
Colloid 1077—10-* cm 
True solution less than 10-* cm 


"Types of Colloidal systems : 
When finely divided particles of any substance with diameters 


lying between 10—20004 is dispersed in any medium, the system 
so constituted is known as the colloidal system. 


A colloidal system is a two-phased system, dispersion med 
disperse phase. 


Dispersion Medium—This is a continuous medium in wh 
colloidal sized particles of the substance are dispersed. 


_ Disperse Phase—The particles of the substance dispersed in the 
dispersion medium constitute the disperse phase. 


ium and 


ich the 
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Some examples of the colloidal system are given below— 


E Ee npe 

1. Fogs, Clouds Gas Liquid 

2. Smoke Gas Solid 

3. Foams Liquid Gas 

4. Milk Liquid Liquid 

5. Starch, Liquid Solid 
Proteins 


—————————————————— 


Sols—The systems with solids as the dis 


£ N perse phase and a liquid! 
as the dispersion medium are called sols. 


Hydrosol —If the dispersion medium of the colloidal solution is. 
water, the system is called hydrosol. 


Aerosol—1f the dispersion medium 


[ of the colloidal solution is: 
air, the system is called ‘aerosol. 


Classification of Colloids 


There are two types of colloids— 
(i) Lyophilic and (ii) Lyophobic. 
Lyophilic colloids—The substances 
which can pass readily into the c 
suitable solvent are known as the Iyo 


These colloids possess stron 


i g affinity (love) f. i ion 
medium. They are much stable and are ee pene E 
Lyophobic colloids—The substances 


: ; » Such as 4A5,S. ; 
gold etc., which do not pass into the colloidal state STE Phi ones 
lyophobic colloids. 


» such as starch, proteins etc. 
olloidal state when mixed in a 
philic colloids, 


These colloids are much less stable and irreversible, 


Emulsion—An emulsion is a colloidal s 


; f : ystem in which the disper- 
sion medium as. well as the disperse phase are liquids, 


Milk is an emulsion consisting of liquid fat as the disperse phase 


and water as the dispersion medium. 


Gels—In a gel a liquid is dispersed in a solid. 
Examples—Gelatin, agar agar etc. 
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Method of Preparation of Colloidal Solution 


The colloidal solutions are generally prepared by the following 
two methods— 


1. Dispersion Methods : 


(A) Bredig’s arc method—This process consists in producing an 
electric arc between wires of Pt, Au or Ag dipped in water. 

At high temperature, the arc causes the metal to vaporize. The 
vapours are then condensed by water to form colloidal particles. A 
trace of NaOH is added to stabilise the colloidal dispersion. 

(B) Mechanical dispersion—This method consists in breaking 
the substance to the colloidal size. The solid substance and the 
dispersion medium are put between the surfaces of a grinding mill, 
rotating at high speed. The substance breaks down to the colloidal 
size particles. 

(C) Peptization—The ionic solids containing a small amount of a 
common ion usually break down spontaneously. into colloidal par- 
ticles. This process is known as peptization. 


A precipitate of AgI is peptized by shaking with a dilute solution 
of KI. 


2. Condensation Methods : 


(A) Reduction—The solution of the soluble salt is reduced by 
using suitable reducing agent (fornialdehyde, hydrazine, Hs, CO 
etc.). For example, a colloidal solution of gold is prepared as 
follows : 

A few drops of 0:1% AuCl, solution is added to 100 ml of water. 
AuCl, is neutralized by the requisite amount of K,CO;. A few drops 
of tannin (0:195) is added and the solution warmed. Red gold sol 
is obtained. 

(B) Oxidation—Colloidal sulphur is prepared by this method. 
H,S gas is passed into an aqueous solution of SOs. 

2H4S--SO,—2H30-- 38 


(C) Double decomposition—A colloidal solution of A553 is pre- 
pared by passing H,S into an aqueous solution of 45 Os. 
45,05--3H3S- AS82S3+3H.0 
Excess of HS is removed by boiling the solution. 


(D) Hydrolysis—The oxide and the hydroxide sols are prepared 
by this method. 


When a solution of FeCl, is poured into a large volume of boiling 
water, a red colloidal solution of Fe(OH)s is produced. 


FeCly+-3H,O-> Fe(OH),  3HCI 
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Purification of Colloidal Solution 


The colloidal solution often contains impurities, like electrolytes. 
The presence of electrolytes in colloidal solution makes the sof 
unstable. So, the sol has to be purified. Usually the following two: 
methods are used— 

1. Dialysis—The colloidal solution is placed in a parchment bag. 
This is then kept in a wider vessel containing pure water. The 
electrolytes diffuse out into the water while the colloids are left 
behind in the bag. “The process of purifying a colloidal solution from 
the electrolytes with the help of animal membranes, collodion or parch- 
ment is known as dialysis.” 

The membrane used is called dialyser. 


1. Electro-dialysis—Dialysis can be hastened by the application 
of an electric field, if the substance is an electrolyte. This is called 
electro-dialysis. 

2. Ultrafiltration—The colloids can be separated from the solutes- 
by passing the colloidal solution through a filter paper soaked in 
gelatin solution. This process is called ultrafiltration. Such a filter 
paper is called ultra-filter. The ultra-filters allow the passage of 
ions or molecules of the true solution but the pores of the ultra-filter 
are small enough to allow the passage of colloidal particles. 


Properties of Colloidal Solutions : 


1. Heterogeneous in character—A colloidal solution is hetero- 
geneous. It consists of a disperse phase suspended in the dispersion 
medium. 

2. Diffusibility—The colloidal particles cannot easily diffuse 
through animal membranes or parchment. 


3. Filtrability—The colloidal particles can easily pass through an 
ordinary filter paper. 


4. Tyndall effect—Whenever a beam of light is passed through 
a colloidal system, the particles of the disperse phase scatter the 
light in all directions. If the particle is viewed through a micro- 
Scope against a darki background, it becomes visible as a speck of 
light. The scattering of light by colloidal particles is known as the 
Tyndall effect. 


5. Brownian motion—In 1827, Robert Brown observed that 
pollen grains suspended in water executed a random zig-zag motion. 


In fact, all colloidal particles execute this random zig-zag 
Run. This motion of colloidal particles is known as Brownian 
motion. 


The Brownian motion is due to molecular motion. The small 
colloidal particles are struck by the molecules of the dispersion 
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medium from all sides. This motion becomes less and less promi- 
nent as the size of colloidal particle grows. 

6. Electrophoresis— When a hydrophobic sol is placed under the 
influence of an electric field, the particles are found to move in one 
direction only, i.e., towards a particular electrode. This phenomenon 
is known as electrophoresis. 

The movement of colloidal particles towards the particular elec- 
trode gives us an idea about the nature of the electrical charge on 
the colloidal particles. 

Coagulation of colloids : The coagulation or precipitation of a 
sol can be brought about by the addition of an electrolyte. The 
charge on the electrolyte neutralises the charge on the colloidal 
particles. In this connection, Hardy-Schulz law is important. 
According to this rule, *the precipitating power of an electrolyte 
depends upon the valency of the metal ion of the electrolyte". 


Thus, the increasing order of precipitating power is— 
Nat < Ba** < Al*** 


Protection of Colloids : 


The lyophilic colloids are much more stable than lyophobic 
colloids because they are extensively solvated. The lyophilic colloids 
are covered by a thin layer of the solvent. This layer prevents them 
from aggregation. That is why, lyophilic colloids have high 
viscosity. 

Lyophilic colloids protect the lyophobic colloids from coagula- 
tion by the action of electrolytes. Such lyophilic colloids are called 
(protective colloids’. For example, if a little amount of gelatin 
‘lyophilic colloid) is added to a gold sol (lyophobic colloid), the 
latter is protected from coagulation. A much higher concentrtion 
of NaCl solution (electrolyte) will now be needed to cause precipita- 
tion or coagulation, 


Gold number : 


The lyophilic colloids differ in their protective powers. 
protective powers are measured in terms of gold number. 

The gold number is defined as the weight in milligram of the 
protective colloid which can just prevent the coagulation of 10 ml of 
a given gold sol. on the addition of 1 ml of a 10% solution of NaCl. 


The 


Questions 


Long Answer Type : 


1. What are colloids ? How are they prepared and purified ? 
2. What are lyophilic and lyophobic colloids ? 
3. Write short notes on— 
(a) Gel (b) Hardy-Schulz rule. (c) Brownian motion (d) Tyndall 
(e) Electrophoresis (f) Gold number i ne 
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Short Answer type : 


1. What is dialysis ? 


2. Distinguish between a crystalloid and a colloid ? 
3. Write short notes on— 


(i) Sol (ii) Hydrosol (iii) Aerosol. 
4. What is diffe' ence between emulsion and gel ? 
5. What are protective colloids ? 


Objective Questions : 


1. The size of the colloidal particle is 
(i) 10-7 to 10— cm (ii) less than 10-7 cm 
(iii) greater than 10 cm (iv) equal to 10-14 cm. 
- Which of the following does not diffuse through an animal membrane ? 


(i) NaCisolution (ii) Sugar (iii) Starch. 
3. Milk is 


(i) emulsion (ii) gel (iii) colloidal solution. 
4. Colloidal particles are generally 


(i) positively charged (ii) negatively charged (iii) positively or negatively 
charged. 


t2 


5. Smoke is 


(i) an emulsion (ii) a suspension (iii) a colloid. 


LEE 


CHAPTER 18 


CATALYSIS 


‘What is Catalysis ? 


A catalyst is a substance which is capable of influencing the rate 
of a chemical reaction without itself undergoing any change in 
composition at the end of the reaction. Such a phenomenon is 
‘known as Catalysis. 


MnO, 
In the reaction, 2KCIOs— —2KCI t 30s, MnO, is used as a 
catalyst. 


Types of Catalysts— 


(i) Positive catalyst —The substance which can enhance the rate 
of a chemical reaction is known as the positive catalyst. 

For example, MnO, used in the thermal decomposition of KC/O, 
acts as a positive catalyst because it causes the decomposition of 
KCIO, at a much lower temperature. 

(ii) Negative catalyst—A catalyst which retards the rate of 
chemical reaction is known as the negative catalyst. 

Forexample, a small amount of glycerine added to hydrogen 
peroxide slows down the decomposition of the latter. Hence, 
glycerine acts as a negative catalyst. Similarly a small amount of 
ethyl alcohol appreciably decreases the oxidation of NaSO, to 
NasS0,. 

(iii) Auto-catalyst—In some reactions, one of the products of the 
reaction itself acts as a. catalyst. Such a catalyst is called auto- 
catalyst. For example, in the oxidation of oxalic acid by acidified 
KMnO, MnSO, formed in the reaction increases the rate of 
oxidation. 


2KMnO, 3 3H,S0, K350 s+ 2MnSO, + 3H,0 4-50" 
5H3C404, 5*0 > 10CO0,+5H,0 


Promoters—A substance which promotes the activity ofa catalyst 
is called a promoter. Molybdenum increases the activity of iron in 
the manufacture of NH, by Haber's process. 

Fe 
Na+3Ha = 2NH; 
(Mo) 


o} 


Mo is thus a promoter in this reaction. 
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Characteristics of Catalysis : 
(i) A catalyst comes out unchanged in amount and chemical 


Composition at the end of the reaction. 


(ii) Only a small amount of the catalyst is required to change 
the rate of reaction. 


(iii) A catalyst does not change the Position: of equilibrium. 
It brings about the change in both the forward and the reverse 
Teaction to the same extent. 


(iv) A catalyst does not change the nature of products of the 
Teaction. 


(v) Catalytic poisons—Some substances inhibit or retard the rate 
of catalysed reactions. Such substances are called catalytic poisons. 
For example, in the Presence of arsenic the rate of oxidation of 
SO, to SO; by O,is slowed down considerably. Thus, arsenic is a. 
catalytic poison. 


Homogeneous Catalysis : 


When the catalyst and the reacting substances are in the same 
phase, the catalysis is called homogeneous catalysis. 


Ni 
Examples: 250,+ 2H,0 +0:—>2H,S0, 
Ni 
2C0--0,— 20, 


Ht 
CioH3,03, + H;0— 5 C,H30,4-C;H,,0; 
Sucrose Glucose Fructose 


Heterogeneous catalysis : 


In this cataly. 


; sis the catalyst and the reacting substances are in 
different phases. 


Examples : 


Pt 
2H,0,——2H;0-1-0, 
Pt 
2H, +0;——>2H,0 
Pe 
2S0, +0,—>250,. 


Theories of Catalysis : 


In order to explain the phenomenon of catalysis, 


two theories 
have been proposed : 


1. Intermediate Compound Theory—In this theory, it is postula- 
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ted that the catalyst combines with the reactants to form an inter- 
mediate compound. The latter is unstable and decompo 

om 
Freed. ses to form 


AB + S > AS du B 
(One reactant) (Catalyst) (Intermediate (One product 
compound) co 

AS t C > AC 4 S 

(Second reactant) (Second product) 
Therefore, the overall reaction is, 
S 
AB+C———+AC+S 
(catalyst) 


In the thermal decomposition of KC/O, in presence of MnO, as 
catalyst, the reaction is believed to occur according to the following 
mechanism— izi 

2KCIO, 4 2MnOs 2KMn0, + Cl, +O; 
2KMn0, KsMnO, - MnOs- Oz 
K;Mn0,- Cl, 2KCI -- MnO; + Os 


nOz 
Over all reaction : 2KC/O;— —2KCl 4-30; 
catalyst 


2. The Adsorption Theory—Accordingto thistheory, the reactants 
are adsorbed on the surface of the catalyst to form a film. As the 
concentration of the reactants is high in the film, the reaction takes. 


place at a much faster rate. 


It has been shown that at the surface of the catalyst there are 
active centres where adsorption of the reactants occur. 


Applications of Catalysts— 


Process | Catalyst 
(i) Manufacture of HSO, V;O; 
2S0,+0,>2S0; 
SO,+H,O+H,SO; 
(ii) Synthesis of NH, Fe, Mo 
N34-3H,22NHs, 
(iii) Ostwald's process for HNO, Pt gauze 
(iv) Hydrogenation of oils Ni (finely divided) 
(v) Deacon’s process for the Cu; 
manufacture of Cl. 


Questions 


1, Define ‘catalyst’. à X : 
2. Mention the role of a catalyst in a chemical reaction. 
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3. Explain ‘homogeneous’ and ‘heterogeneous’ catalysis with examples. 
4. How is the effectiveness of a catalyst destroyed ? 
5. What is adsorption theory of catalysis ? 


"Objective Questions : 
1. A substance which promotes the activity of the catalyst is known as a 
(i) auto catalyst (ii) initiator (iii) promoter (iv) catalytic poison. 
2. Catalyst used for hydrogenation of vegetable oils is 


(i) Pr black (ii) Al,O, (iii) finely divided nickel 
(iv) Anhydrous A/C/, (v) Copper metal. 


Lud 


CHAPTER 19 
ELECTRICAL CONDUCTIVITY 


Electrolytes are also the conductors of electricity. The conduc- 
tance of an electrolyte is due to the ions it contains.. The conduc- 
tance in aqueous solution follows Ohm’s law. 


“The resistance offered by a solution is directly proportional to. 
the distance between the electrodes and inversely proportional to the 
area of the cross-section of the solution between the electrodes.” 


iê, Rot, or Rae 1 


where, P=is the proportionality constant known as the specific 
resistance (resistivity). 
When 7=1 cm and A=1 cm, then 
R-P. 
Thus, the specific resistance is defined as the resistance of a 


solution enclosed between electrodes 1 cm apart and the area bet- 
ween the electrodes being 1 cm’. 


Conductance (L)—The reciprocal of resistance (R) is called 
conductance. 


1 
Th ==: 
us, L R 


Conductance is expressed in ohm-* or mho. 


Specific conductance (x)—The reciprocal of specific resistance 
(P) is called specific conductance. Thus, 


= ahs Mil 2 
prs =a - (x 
zc (cell constant) and 4p 7 conductace, 


Go = cell constant x conductance 
or Specific conductance =Cell constant X Conductance. 


Specific conductance 


Cell co: a ee re 
MP Measured conductance 


Unit of x (Kappa)— 


K=—Xl=- x ohm = ohm cm. 
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Equivalent conductance (A): 


It is the conducting power of all the ions produced by one gram 
equivalent of an electrolyte in solution. It may be defined as the 
Specific conductance multiplied by volume of the solution in ml con- 
*aining one gram equivalent of the electrolyte. Thus, 


A-kXF. 
If C=concentration of the solution in £ram equivalent per litre, 
then, 
— 1000 1000 x 
DO PNE: 


Unit of equivalent conductance— 


Anaxy = 1000 


ohm= cm-1 
SoCo y =ohm— em? equiy—1, 
equiv, cm-? 


Molar Conductance (u) : 


is defined as the specific conductance o 


It fa soluti ultiplied 
by. the volume of th i "grt ae 


€ solution in ml Containing one gram mole of 
electrolyte, 
lle, H=KxXV 
If € is the concentration in mole Per litre, then, ya 1000 
' 1000 x x 
x H= - 
(e 


Variation of Equivalent conductance with dilution : 


The equivalent conductance i 
the solution. This is due to inc 
Solution is progressively diluted. 


nereases with increase in dilution of 
Tease in the number of ions as the 


» increase in the number of ions is much less than 
increase in the volume of the solution Thus, the number of lons 


Per ml decreases. Hence, the Specific conductance decreases on 
dilution, 
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Degree of ionisation (o) : 


The degree of ionisation of an electrolyte is represented by the 
following expression : 


a= 


where, Ay=equivalent conductance at a particular con- 
centration, 
Ao=equivalent conductance at infinite dilution. 


Jon conductance : 
It has been found that, x 


Ag Aeg 


Ac —ion conductance of the cation at infinite dilution, 
?4— ion conductance of the anion at infinite dilution. 


Ionic mobility : 


Ion conductance is related to ionic mobility as, 
AQ— KU, 2a=KUg. 


U, and Ua are the mobilities of the cation and anion respectively 
atinfinite dilution. Kis known as Faraday. Its value is known 
to be 96,500 coulomb. 


c= 96500 x Uc, or Uu... 


Similarly, Ua 


Ion conductance is expressed in ohm-! whereas ionic mobility 
in cm sect, 


Kohlrausch’s Law : 


The measurements of equivalent conductances at infinite dilution 
have shown that— 


(i) The difference in conductances of any two cations is about 
the same, irrespective of the nature of the anions with which they 
are attached. 


Gi) The equivalent conductances of any two anions is about 
the same, irrespective of the nature of cations with which they are 
attached. 


336 . INTRODUCTORY CHEMISTRY 


These facts led Kohlrausch to enunciate a law known as 
Kohlrausch'siaw. This law is stated as, 


“The value of equivalent conductance at infinite dilation for any 
electrolyte is equal to the sum of the ion conductances of the two 
ions.” 

Thus, NE 


Numericals (solved) 


1. The specific conductance of a decinormal solution of KCI at 


18°C is 0:0112 ohm- cm-1 The resistance of a cell containing 
the solution at 18°C was found to be 55 ohm. What is the cel} 
constant ? : f 


Solution : Resistance = 55 ohm; 


-. Measured conductance = 55 ohm-i, 


Specific conductance —0:0112 ohm-: cm7; 


0:0112 " 
1 t= “———=0'0112 55— 0:616. 
Cell constan 1/55 0:0112x 55-0 


2. The resistance of x solution of an electrolyte in a cell was 
found to be 45 ohm. Calculate the e 


solution if the electrodes in the cell are 
area of 3:8 cm?, 


quivalent conductance of the 
22cm apart and have an 


Solution : 


Cell constant — Distance between the electrodes _ 25325. 
Area :8i-. 


w 


Resistance=45 ohm, 
*. Measured conductance= i; ohm-t, 


; 2:2, <a 
e? duct: » KE SA yt = cm7 
Specific conductance, x (2 xi) ohm-^ cm 
—0:01286 ohm cm-1, 
Volume containing 1 gm equivalent of electrolyte 2000 ml, 
-. Equivalent conductance 0:01286» 2000 = 25:72 ohm-! cm? 


3. The equivalent conductances of CH,COONa, HCl and NaCl 
at infinite dilution are 91-0, 42616 and 126:45 ohm cm? respectively 


at 25°C. Calculate the equivalent conductance at infinite dilution 
for acetic acid. 


Solution : 


Let equiy. conductance at infinite dilution for CH,COONa, HCl, 
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NaCl and CH4COOH be A'., "Ac: Ao and Ats respectively. 
Then, 


A'o xat + ^emgcao- — 91:0 SRL) 
Aust +e — —426:16 | äi) 
AC o xat Hho =126:45 . (iii) 
Aloin Hoa, coo =? +» (iv) 


Add (i) and (ii) and subtract (iii) from the adduct, 
Axat + Aom, coo tAn -Aci* — Anat — Acrz 


=9 1:0 +426'16 — 126:45 


or Amten coo” =390°71 
or A457 390771 ohm— cm?, 
Questions 


1. What is a cell constant ? 

2. Distinguish between equivalent conductance and specific conductance, 

3. Explain why specific conductance decreases while equivalent conductance 
increases on dilution ? 

4. What do your understand by molar conduction ? Mention the unit in 
which it is expressed. $ 


Objective Questions : 


1. Conductivity of a solution is 


(i) equal to its resistance, (ii) equal to its specific resistance. (iii) recipro- 
cal of its resistance, (iv) three times its resistance, 


2. As the solution of an electrolyte is diluted, the specific conductance of the 
solution 


(i) increases (ii) decreases (iii) remains unchanged. 
3. Equivalent conductance of an electrolyte solution 


(i) increases on dilution (ii) decreases oa dilution (iii) remains unchanged 
on dilution. 


4. Equivalent conductance is represented by the expression 
EON 1K E OPEM SANI 

(i) y (ii) K Gi) KX WV (iv) k+v. 

5. Which of the following solutions will be more conducting ? 
G) Cone. H,SO, (ii) N-H,SO, (iii) D 1.50. 


Ans. 1.(i); 2. Gi; 3. @; 4, (i; 5, (ii). 


BU 
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CHAPTER 20 


SOLUBILITY PRODUCT 


In the saturated solution of the salt, there exists an equilibrium 
between the undissolved salt and the ions from the dissolved salt. 


AB = A*--B- 
(solid) (in solution) 
Applying the law of mass action, 
— [4*)x[B] 
S 
where, K=equilibrium constant 
or [4*] x[B-]=K[AB]. 
Since concentration of undissolved substance is taken to be con- 
stant, hence K[4B]=K;p, Ksp is called the solubility product 
of AB. 


The solubility product of Ag350, will be given as 


423150, 224g*--SO,- -= 
or Ksp=[4g*? x[SO,2-] 
Similarly, the solubility product for 


AmBn=mA*t+nB- 
will be 


Ky - [4*]? x [B-]y.. 
Thus, the solubility product of a solute may be defined as 


“The solubility product of a salt forming a saturated solution in 
water is given by the product of the concentrations of ions raised to 2 
power equal to the number of times the ions occur in the equation 
representing the dissociation of the electrolyte.” 


Relation between Solubility and Solubility Product : 


The solubility product of AgCI is given as 


Kep=[4g*] x [CI-] - 0 
Solubility of AgCl is expressed as 


S-[4g]]-[CH],  . J = S508 
or S*=Kep, or S=V/Kep- 
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Application of Solubility product principle : 


1. Precipitations reactions—The precipitation of a sparingly 
soluble substance can be predicted with the help of solubility pro- 
duct principle. 


A substance is precipitated when the product of concentrations 
of its ions in solution exceeds the value of the solubility product of 
the substance. Thus, NaCl from the solution will get precipitated 
only when, 

[Na*] X [CI — Ks, for NaCl]. 

2. Precipitation of Sulphides—In qualitative analysis, the metals 
of group II and IIIB get precipitated on the passage of AS. 

Group II : The solution containing group II metal ions is made 
acidic by adding dil. HCI. HS is then passed. The sulphides of 
metals are precipitated. 

H,S is a weak acid. It ionises as 

H;,S2H*--S-- 

In presence of H+ ions from HCI, the ionisation of H,S is 
suppressed. The concentration of S-- ions in solution, thus, 
becomes much smaller. | Even then it is larger than that needed for 
the solability products of the sulphides of Cu, Cd, Bi, Hg (ic), As, 
Sb and Sn to be exceeded. Hence, these cations get precipitated as 
sulphides. 

Group IMI B : This group includes Ni, Co, Mn and Zn. The 
solubility products of sulphides of these metals are comparatively 
higher. In presence of H+ ions (HCI) the S-- ion concentration 
is smaller than that required to cause their precipitation in group II. 


So, in order to get an increased concentration of S-- ions the 
solution is made alkaline. For this, the solution is treated with 
solid NH,Cl followed by addition of NH,OF till the solution is 
alkaline. HS is now passed. Due to increase in the degree of 
jonisation of H,S the S$-- ion concentration in solution becomes 
higher. 


NH,CISNH,--CI- 
NH,OHSNH;--OH- 
H:S2H+ --S-- 
2H*--20H-—2H;0 ‘(feebly ionised) 


Due to consumption of H* ions in the last reaction more and 
more H.S ionises. So, concentration of S-- ions in solution is 
increased appreciably. Thus, in solution, [M"*]x [S77] exceeds the 
values of solubility product for MS (metalsulphide). As a result, 
these sulphides of metals get precipitated. 

__>: Precipitation of Hydroxides of group III A—Group III A con- 
tains Fe, Al and Cr. The solution containing these metal ions is 
treated with solid NH,CI. NH,OH is then added in excess till the 
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solution smells strongly of NH;. 


NH,CI=NH,* +-Cl- (large ionisation) 
NH,OH=NH,*+OH- 

Due to the presence of common ions (NH,*) the dissociation of 

NH,OH is suppressed. In solution, therefore, [OH-] beccmes 

smaller. However, it is larger than that Iequired to cause the pre- 


cipitation of the hydroxides of Fe, Al and Cr, because the solubility 
product values of the latter are small. 


Problems : 


1. The solubility product of Mg(OH), at 259C is l'4x 101. 
What is the solubility of Mg(OH), ? 
Solution— Mg(OH)  Mg**--20H- 
Ksy=[Mg**] x [OH-}? 
Let the solubility be s mole litre, 
[Mg] s 
Since each Mg++ ion has two OH- ions, hence 
' [OH-]=2s 
Ksp=5 x (25)? = 453, ey 4s?—1:4x 10-31 

or $— 5x 107* mole litre-1— 58 x 1-5 c 10-4 g litre 

=0 0087 g litre, 

2. The solubility of BaSO, is 2:33x10-* g per ml at 20°C. 
Calculate the solubility product of BaSO, assuming that the dissol- 
ved salt is completely ionized. 

Solution : BaSO.= Bat* --SQ,-- 

So Ksy=[Bat*]x[SO,- zi 

Solubility of BaS0,—2:33x 10-5 g per ml. 

72:33 x 107? g litre-1 


233 


233 X107? mole litre= 10-21 mole litre-?. 


Thus, [Ba*] - [SO,- -] 2 10-11 mole litre-1, 


Ksp=[Ba**] x [SO,- -] 10231 x 10-1 — 107?? mole Titre. 


Questions 


1. Define 'solubility product and on the basis of solubility product explain 
the following— 
(i) NH,C! is added be 


fore adding NH,OH solution to precipitate the 
hydroxides of the third group. 


ii i t is acidified with HCl. 
Gi) Before passing HS the filtrate from the first dro AE Adm. Test 1982) 
2. Derive the relationship between ‘solubility’ and ‘solubility product’. 
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3. Explain the solubility product principle in the precipitation of the 
hydroxides of group IIIA metals in qualitative analysis. 


Objective Questions : 


1. A saturated solution of Ag,SO, is 25X 10M. Then, the value of its 
solubility product will be 
(i) 625X 10-5 (i) 625X 10-5 
(iii) 1:25X 10— (iv) 1:25X 105. 
2. Ammonium chloride is added in the third group to 
(i) catalyse the precipitation of the hydroxide of iron and aluminium. 
f (ii) prevent the precipitation of the hydroxide of the fourth group cations 
and Mg. d 


(ii) prevent the formation of the hydroxide of group IV cations. 
(iv) convert Fet+ to Fett ions. 


ooo 


CHAPTER 2l 


HYDROLYSIS OF SALTS 


Hydrolysis—The interaction between 
and the ions of water is called hydrolysis. 


When a salt is dissolved in water, 
neutral in reaction. Interaction may occ 
The resulting solution will be neutral, aci 
the nature of the salt 


the ion (or ions) of a salt 


the solution is not always 
ur with the ions of water. 
d or alkaline according to 


Salts may be divided into four main classes— 


1. Salts of strong acids and Strong bases, i.e. NaCl, KCI etc. 

2. Salts of weak acids and Strong bases, i.e., CH,COONa. 

3. Salts of strong acids and weak bases, i.e., NH,CI. 

4. Salts of weak acids and weak bases, ie,  HCOONH;. 
(CH3COO), Al. 

Salts of strong acids and Strong bases— When such a salt (NaCl) 
is dissolved in water, neither the anions (CI-) have any tendency to 
teact with H+ ions nor the cations (Nat) with the OH- ions of 
water. Since the parent acid (HCl) and base (NaOH) are strong 
electrolytes, the equilibrium between the H+ and OH- ions in water, 
H,O=H* + 0H- 
is not disturbed. Hence, the solution remains neutral, 


Salts of weak acids and strong bases—A Salt of this class is 


CH3COONa. When this is dissolved in water, the following equili- 
bria exist in solution : ig 


CH,COONa-- CH,COO- 4 Na* 
H;,OSH*-oH- 
CH;COO~ reacts with the H+ ion and Na* with the OH- ion. 


CH,COO---H*—CH,COOH (feebly ionized) 
Na* --OH--—NaOH (completely ionized) 
Thus, in solution OH- ions concentration is highly increased as 
compared to H* ions. The solution, therefore, becomes alkaline. 


Salts of strong acids and weak bases—NH,Cl isa salt of this 
clas. In an aqueous solution o 


f NH,CI the following equilibria 
exist : 
NH,CI+NH,* + CI- 
H,O=H* --OH- 
NH,*+OH-=NH,OH (feebly ionized) 
H*--CI- —HCl (completely ionized) 


Thus, in solution [#*]>[OH-]. Hence, the solution becomes 


acidic, 
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Salts of weak acids and weak bases—In an aqueous solution of 
such a salt, two reactions occur simultaneously. 
M++H,O=MOH+ H+ we 1D 
. 4°+H,0= HA +0H- .. (i) 
The reaction of the solution depends on the relative dissociation 
constants of the acid (K4) and the base (Kz). 
When K,- K;, the solution is neutral. 
When Ky>Xa, the solution is alkaline. 
When K,>Xs, the solution is acidic. 
Hydrolysis constant—Let us consider the hydrolytic reaction of 


CH,COONa. 
CH,COO-+Nat-+H,0 =CH,COOH + Na*+-OH- 
or CH,CO O- + H,0=CH,COOH-+-OH- 
(Unhyd Id (Free acid) (Free base) 
sal 


Applying the law of mass action, 
— [CHCOOH] x [OH] 
[CH,COO-] x [H0] 
[CH,COOH]x|[OH-] 
[CH,;COO-] Ñ 
Since the concentration of H.O is constant, 
CH4COOH]x[OH-] 
ences Kk, -ICHSCOOH]x[OH"] 
T 5 [CH;COO-] 
Ky is a constant known as the hydrolysis ‘constant. 


Relation between Kz, K, and K,,—In the hydrolysis of CH, 
the following equilibria exist in solution— ^ COON 


K 


or K[H:0]= 


CH4C00- 4- H0 CH;COOH + OH- 1 8 
CH,COOH=CH,COO- TH <. i) 
HO) CHI LES OBS .. (ii) 


From equation (i) : 
K. _ [CH,;COOH] x [OH-] 
EG oe MINE RII 
[CH,COO-} 
From equation (ii) : 
K, = (CAsC007 x [A 
[(CH4COOH] 


From equation (iii) : 
Ky —[IH71x [OH]. 


Now Kw | [CH,COOH]x[OH*] 
K, [CH4COO-] 


=Ky 
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Ke 
or 1 Gres Wee 
A 
Thus, Ky of the Salt varies inversel 
weaker the acid greater is th 


> 


CH,COO-+ H,0=CH,COO H+. OH- 
(1— a ca 


Let c mole litre-i be the i 


> initial Concentration 
a is the degree of hydrolysis. 


of sodium acetate. 


ela) ~ eia esa: 


then 
Kg — ca? 
ae ES 5 
c 
= Kw Bel See 
But aie ore — ee 


^ Breater is the value of a, 


Lemperature and Kı changes only 
sein temperature, 


Questions 


Ydrolysis of Salts’ ? 
gree of hydrolysis? and 


1. What is meant by ‘h 
2. Define the term ‘de; 


‘hydrolysis constant’, 


000 


CHAPTER 22 


MISCELLANEOUS QUESTIONS WITH ANSWERS 


1. Fill in the blanks and balance the equations— 
(i) Ig+-Na.S,03—>.-.. +Nal 
(ii) 241+ NaOH +..>....+Ha 
(iii) KC] + MnOa+ H3S0, KHSO, 4 MnSO,4- H,O +... 
(iv) H30s--I--- H* —2H4,0-r.... 
! (v) NaIO,;+NaHSO,->....+Na,SO0,+NaHSO,+H,O 
(B. I. T. 1978) 
(vi) FeCly- H9S ....-- HCl .... 
heat 
(vii) FeS-FO4—- .-.. 3 -.-- 
(viii) FeSO,4-H4SO,-2HNOs ....-F....--.. (B. I. T. 1981) 
Ans. (i) I;--2Na5$505 NasS,0,-- 2NaI 
(ii) 241+ 2NaOH 4-2H.O —2NaAIO, + Hs 
Gii) 2KCI + MnOs--3HsS0, ^2KHSO, + MnSO, 4-2H,0 + Cl, 
(iv) H3Os--21- -2H*2H30 + In 
(v) 6NaIO; -- 15NaHSO3> 312+ 6NasSO,--9NaHSO,-- 3H40 
(vi) 2FeClh + H,S--2FeCl,--2HCI--S 
(vii) 4FeSs 4- 1105—2Fe505--8SO; 
(viii) 6FeSO, +3H:S0, 4-2HNOs3Fe(SO4) - 4H,O 4 2NO. 
2. Complete and balance the following equations— 
(i) Zn--NO,- —Zn* --NH,ó* 
(ii) Cr307-—4- C4H4,0 —Cs4H40, + Cr 
(ii) HNO, + HCI-NO + Cle 
(iv) Ce*** --S,05- -—SO,4--4 Cet* 
(v) Ch-- OH —CI- CIO. (I. I. T. 1983) 
Ans, (i) 4Zn-- NOs- - 10H*—4Zm^ +NH,*+3H,O 
(ii) Cra07 --- 3C,H40 + 8H*-+3C HO. + 2Cr*** -4H,0 
(iii) 2HNO,-- 6HCI->2NO +3Cly+4H20 
(iv) 2Ce**--5,0,- ——2Cet* +2807- 
(v) Cl -20H-—CI- -CIO- 4- H0. 
3. Arrange the following according to the instructions given— 
(i) CO;, CH, C3H;OH (in the increasing order of solubility in 
water). 
(ii) PbO, ZnO, MgO (in the increasing order of basic nature). 
(iii) Na, Cu, Zn (in increasing order of electro-positivity). 
(iv) Graphite, diamond, copper (in increasing order of electrical 
conductivity). j 
(v) Hs, Cla, CH, (in increasing order of diffusion rate). 


(B. I. T. 1979) 
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Ans. (i) CH;, CO», C.H,OH. 
(ii) PbO, ZnO, MgO. 

(iii) Cu, Zn, Na. i 

(iv) Diamond, graphite, copper. 
(v) Ch, CH,, Ho. 

4. Match the following : 


A. Isomers (i) Graphite and Diamond 
B. Isotopes (ii) Ethanol and Dimethyl ether 
C. Isomorphous (iii) Nat and Mg++ 
D. Allotropes (iv) FeSO,.7H.O & MgSO,.7H.O 
E. Isobars (v) s014 and ,018 
F. Isoelectronic (vi) so Cat? & ,, 40. 
Ans, A—(ii) 
B—(v) 
C—(iv) 
D-(i) 
E— (vi) 
F—âiii) 


5. Name the scientific terms for the following : 


(i) A substance which promotes a chemical reaction without 
any change to itself, 
(ii) A reaction in which heat is absorbed. 
(iii) The gas used for making soda water. 
(iv) Inner core of the atom. 
(v) The pure form ofa substance which cannot be decom- 
posed by ordinary means. 


(vi) Property of a metal being drawn into wire, 
(vii) A substance whic i 


(xii) Chemicals used for the growth 

Ans. (i) Catalyst, — Gi) Endothermic, (iii) Carbon dioxide, 

(iv) Nucleus, — (v) Na,CO,, — (vi) Ductility, ' (vii) Hygroscopic; 

(viii) Photochemical, (ix) Neutralization, (x) Mercury, (xi) Hypo, 
(xii) Fertilisers. 


6. How can protons bonded in the nucleus be present with à 
repulsive force in such a small volume of nucleus ? 


Ans. Protons are held together in the nucleus by nuclear forces. 
A proton in the nuclear Tange (1X10-!?? cm). experiences 40 times | 


more attraction than the repulsive force. Nuclear forces are short 
range forces only. 


7. How would you determine the valency of an atom ? | 


| 
Ans. The valency of an atom may be defined as the number | 
of unpai 


ired electrons exchanged during the formation of a bond. | 
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In electrovalency the exchange is 100%, as in NaCl. 


Na : 1s?2s?2p%3st CI : 1522522p93523p5 
Valency of Na=1 Valency of C/=1 


` Incovalency, sharing electrons occurs. BCIs is a covalent com- 
pound. In the normal state B has only one unpaired state, but in 
excited state it has 3. Hence, in BC/;, valency of B=3. ) 

8. Explain why AlCl, is covalent in anhydrous state while 
hydrated AICI; is electrovalent. ii Pattern) 

i a covalent compound. In order to form am 
acto n ME must lose Nu. electrons to form Are 
For this 51224 kJ mole- of energy is needed. But when chemical 
reaction occurs only 1470 kJ mole of energy is available. Hence, 
‘Al does not form electrovalent compound. 

Hydrated AICI, contains [A/(H,0,]** ion. The hydration of 
AICI, is an exothermic reaction. The energy released causes the 
transfer of three electrons from Al to three Cl atoms. Thus, 
hydrated A/CI, is an electrovalent compound. 

9. Do gas-gas mixture form colloidal solutions ? 


Ans. The gas-gas mixture cannot form colloidal solution, because- 
the gases have tendency to diffuse into one another and form a 
homogeneous mixture. 

10. What is an emulsion? What are the different types of 
emulsions ? Give two tests which can be used to detect the type 
of an emulsion. 

Ans. An emulsion is a colloidal system in which the dispersion: 
medium as well as the disperse phase are liquids. 


There are two types of emulsions— 

(i) Oil in water emulsion and (ii) Water in oi] emulsion. 

Two tests—(a) Dry test—An oil soluble dye is shaken with the 
emulsion. A drop of it is then examined under a microscope. If 
the drop is coloured, the emulsion. is of oil in water type. 

(b) Spreading test—A drop of the emulsion is placed on the: 


surface of oil. In case the drop spreads easily, the emulsion is 
water in oil type. 


11. “In nuclear reactions, there is loss of an a-particle and the 
atom is expected to become negatively charged. Similarly, loss of 
a, B-particle from the nucleus, the atom should become positively 
charged.” Comment upon this situation. 


Ans. The electrical neutrality of the newly formed atom is always 
maintained. The loss of an a-particle from the nucleus is accom- 
panied by the loss of two planetary electrons to the surroundings 
so that the atom may remain electrically neutral. Similarly, the loss 
of a B-particle from the nucleus involves the gain of planetary electrons 
from the surroundings to keep the atom electrically neutral, 
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12. What is the nature of the nuclear forces ? How these differ 
from the electrostatic forces ? 


Numerical Problems (solved) 


1. A crystallised salt on being rendered anhydrous loses 45°6% 
of its water. The percentage composition of anhydrous salt is : 


41—10:595, K=151%, S= 248% and O=49 6%. Calculate the 


paes formula of the anhydrous and the formula of the crystallised 
‘salt, 

Solution : 
Ep UN At. wt, | Percentage Division by the | simp lest 
^ At. wt. least number ratio 

27 039 oat 1 

K 151 39 A —039 03 24) 1 

s 24:8 32 A3078 Ge 5 2 

o 496 16 7S 3-19 039779 8 


-. Simple formula is KALI, 
Simple formula wi, = 2st 
= 100g of the salt in 455 g wates 7258. 


wt. of anhydrous salt in 100 g= 100— 45:6 — «4. 
Now, ' 544gsalt combines with 45-6 VE ^g 


<. 258 g salt combines with 456x258 
4 


g HO 
=216 g H,O — 319 mo] of H,O — 15 
<- Formula of the hydrated salt is, KAIS.O4.12H,0. 
2. 336 c. c. of phosphorus weigh 0:0625 g at 3460C and 76 cm 
"Pressure. What is the molecular weight of Phosphorus ? How many 
atoms are there is one molecule of phosphorus Vapour ? 


(I. 1. T. 1969) 
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349, 
Solution : Calculation of volume of vapour at N. T. P,— 
P,=760 mm, 2776 cm — 760 mm 
y1-33:6 C.C., V= 
T,— 273 +546 7,—273K 
=819 K. 
PV, PS. - _160X33°6  760xV, 
Tn T 819 — 273 
5 y, 160 33°6x 273 . 336x273 
D 760x819 819 
zz11:2:cic. 


11:2 c.c. phosphorus vapour weighs 0:0625: g 


22,400 c.c. phosphorus vapour weighs 90623 x 22400, 
7-125 g. 
Hence, mole. wt. of phosphorus — 125. 
‘= Atomic weight of phosphorus- 31, 
No. of atoms in one molecule— 43 — 4, 

3. To a sample of an element X (at. wt.—70) another el x 
(at. wt. —120) is to be added as an impurity. The ratio of IER 
in the mixture is to be 1:107. How many grams of Y will be 
required for 35 grams of X ? 


Qian Pattern), 
Solution : Let the grams of Y in 35 grams of X be x. 


Number of atoms in 35 g of ¥ 


-HN (N — Avogadro's number). 
EN 
2 
Number of atoms in x g of Y= N. 
LE AS N ., 120 1 
OY LO? We wl lcs Tiger 
120 
or 60_ Eds or 
x i097 x=60x 10-75 6 10-5 gram. 
4. 0:32 g sulphur dioxide, 0:42 carb i 
nitrous oxide are contained in 250 xi ves dde and 0:22 
(i) total pressure of the mixture, (ii) total molecul Calculate 
(iil) pressure of the mixture if the temperatu eee in the M 
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Solution : Mole of 80,-932 -0-005 


Mole of co = 9:42 — 9.015 
28 
Mole of N,O -92 —0:005 


Total number of moles — 0'005 +0015 3- 0:005 — 0:025. 
(i) Total pressure : 


PV=nRT, or pa®RT _ 0025x0:0821x300 
; V Banan S 
=2°463 atm. 


Gi) Total molecules = Number of moles x 6 023 x 1033 


= 0:025 x 67023 x 1022 = 1-55 1022, 
(ii) Pressure of the mixture at 10°C, 


T Ore, 2463) 300 
Pa Ty P, 283 


nd P,= TAG X 083 — 2:323 atm. 


5. 90 ml of Oz and 50 ml of H, both measured at N. T. P. are 
mixed and allowed to expand to 


a total volu t 0°C. 
What is the total pressure of the mi me of 240 ml a 


xture of gases ? What are the 
partial pressures of O, and Hs respectively, g 


Solution : Total volume of mixture=90+ 50 


=140 ml. 
When the gas mixture is allowed to expand t 240 ml 
let the pressure be P}. Then, Pand to volume » 


760x140 _ P, x 249 
273 273 


p,= 760x140x273 


or 240x273 —7443:33 mm, 


Partial pressure of H, : 
50x 760 TP X 240 


_ 50760 


s 202€ 160. Lays 
"DUE ym) ^u 
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Partial pressure of O, : 
90x 760—p, X240 


_ 90x760 
240 


6. A pure gas has a density of 1:50 mg/m] at 303 K and 720 mm 
of Hg. Assuming ideal behaviour, calculate its molecular mass. 


What is the number of (i) moles, (ii) moleculesin one ml of gas 
at 303 K and 720 mm of pressure ? 


PW, PS. — 0. T720x1l, 760xV, 


or Po, —]158:33 mm. 


Solution : T T D 303 273 
720x278 27 
EET 3 : 
or Vs 7602303 0°8537 ml 


0:8537 ml of gas=1°50x 107? g, 


1:50x1072:x 22400 _ 


22400 ml of gas— 0:8537 


39:36 g 


ie, molecular wt.-— 39:36. 


1:50x 10-8 
39:36 


(ii) Number of molecules = 3:81 x 10-5» 6:023 x 1028 
—2:295 x 10-9, 

7. The density of mercury is 13:6 g/ml. Calculate approximately 
the diameter of an atom of mercury assuming that each atom is 
occupying a cube of edge length equalto the diameter of the Hg 
atom. (I. I. T. 1983) 

Solution: At. wt. of Hg —200 

Avogadro's number = 6:023 x 1023 


Number of atom in 1 g Hg— 515 X 6:023 x 1025— 3-012 x 1921 
Density of Hg —13:6 g/ml 


(i) Mole of gas= 2:31:81 x 10-5. 


vus 1 
Volume of one atom y 012: 109 136 ml—2:45 x 10-25 ml 


By the question, diameter of the Hi i 
length of the cube. PT de HA corte edge 


Edge length or diameter = (volumeyus 
= (245 x 10-9) 2:905 10-6 6.5191 8 
8. Oxygen is present in a 1 litre flask ; 
t a pressu d 
mm of Hg. Calculate th nis salen OX 10-28 
Hees g e number of oxygen molecules in the disk 


(I. 1. T. 1983) 


352 INTRODUCTORY CHEMISTRY 
tion : Volume of oxygen=1 litre 
A Pressure of gas— 7:6x 10-20 mm of Hg 


= Tex atm=10-12 atm. 


Temp., T=273 K 
R=0-082 lit-atm K- mole 
P PV=nRT 
or 10-2 x 1 =n x 0-082 x 273 
or 10-12 


= (&os5o5557 Number of moles. 
"7 60gx373- Num 


10-1? nS 
Number of APR BUNT X6023 x 1023 
2:69 x 1010, 

9. When2gofa gas Ais introduce 
kept at 25°C, the pressure is found to be 1 atm. If 3 g of another 
gas B is then added to the Same flask, the tota] pressure becomes 
l'5 atm. Assuming ideal gas behaviour, calculate the ratio of the 
molecular weights M, : M,. (1. I. T. 1983) 


d into an evacuated flask 


Solution : Increase in pressure when B is added 
=15-1=0°5 atm. 
We know that the pressure Of a gas is directly proportional to 
the number of moles, provided T and V are constants, 
Number of moles in 2 g of gas A at 1 atm, pressure 
=4% Number of moles in 3 8 of B at 0-5 atm. 
= Number of moles in 6 80ofBat] atm. 
2 6 


REO My UNZ aN s Appia? 
M. Mz’ or M. 673 bes, My: Ms=1:3. 
10. 360 ml of a gas ‘A’ diffuse 


f through a porous vessel in 30 
quire 20 minutes to diffuse through the 


al conditions, ‘The molecular weight of 
Olecular Weight of «4°, 


Solution : Rate of diffusion of gas ‘4’ m1) = 388-12 
Rate of diffusion of SO, (r2) = 420 — 6 ( 80 
Molecular weight of A =x 
Molecular weight of 50; — 64. 
From Graham’s law of diffusion, 


minutes. 120ml of SO, re 
same vessel under identic 
SO, is 64. Calculate the m 
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or 2= JS or 4-64 
x 22 


x=S4= 16: 
11. Calculate the relative rates of diffusion of *UF; and **UF, 
in the gaseous form. 


Solution : 
Rate of diffusion of »sUF, _ / 256:996 _ 1'006 
Rate of diffusion of SUFs 253:996 ita 


12. An aqueous solution of sodium chloride contains 8:00 g of 
the salt per 100 g of solution at 25°C. Calculate the concentration 
of this solution on molal scale. (Mole wt. of NaCl = 58:5) 


Solution : Wt. of solvent=100—8=92 g. 


8 
=== 011 
Mole of NaCl 385 36 


Conc. on molal scale— wex 1000 —]478. 
13. What weight of urea should be added to 200 ml of water to 
get a 0:1 Molar solution ? (Mole. wt. of urea = 60). 
Solution: 0*1 Molar solution means that 1000 ml of solution 
contains 0'1 mole urea. 
Hence, 200 ml solution will contain 01x200 mole 
1000 , 
ie, yy mole= şs x60=1:2 g urea. 
14. What is the molarity of water in pure water ? (Sp. gr.=1) 
Solution : Sp. gr. of water=1 
.. 1000 ml— 1000 g water 
1000 g water —1222 mole— 55:55 mole. 
1000 ml water contains 55:55 mole H,0, 
Molarity —55:55. 
15. What is the molality and molarity of a solutio 
(sp. gr. 172) containing 72 g/litre of H2SO, ? ion of H,SO, 


Solution : Volume of H,50,- 12. —60 ml. 


1000 ml of solution contains 60 ml H,SO, 


60 x 100 


100 ml of solution contains 9T 79 
ntains 1000 ml H4S0,— 69/. 


ie. % strength — 6. 
INTER. CH.-23 
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100 ml of the solution contains 6 ml of H4SO,, 
1000 ml of the solution contains 60 ml of ALSO, 
“. Wt. of H4S0,— 60x 1:2=72 B. 
Eq. wt. of H,S0,— 49, 


Normality =72x 1000 —146 (N) 


Molarity -146 =0°73. 


Molality = No. of solute moles 


Wt. of solvent 1006: 


No. of moles of solute = 22, 
wt. of solvent=wt. of solution wt, of solute 
= (1000 x 1:2)— 72 — 1128 g, 
72 
98 x 1128 


16. Calculate the pH of 0:1 M solution of CH,COOH if the 
2 


Molality = X 1000— 0:65. 


degree of dissociation of acid is 0:0132. 


Solution : CH,COOH  CH,COQ- i H 
Conc. of acid 0:10 M 
Degree of dissociation - Q 0132 
[H -0:1x0 0132— 0:00132 
PH = —log [H*]= —log [0700132] —1og 13:2 HA 
=1:12057—4= —2:87943. SR OBC 


17. The solubility product value of SrFs at 298 K is 2:8 x 10-9. 


Determine the Solubility of SrF, at 298 K in moles per litre. 


Solution : 
SrFy Srita p- 
a Kep=[Sr**] x [Fe 
Let the solubility of SrF, be x moles per litre, 
+ [S7] =x moles per litre 
[F-] - 2x moles per litre. 
(2x)? =2°8 x 10-9, Or 4xi—58x 10-9 
or x =07 x 10-9, 9T ^ X=89¢ 19-4 fiolet per ifte. 
18. The pH of a solution in which [H*] — 0:01, is 
Q2, 0L "Qai dps E raa, 
(M. A. D. T. 1981) 
Solution : pH — — log [H*]= —log 10-2. 5. 
19. The pH of a solution obtained by adding 0:4 g solid NaOH 


to 1:0 litre of water will be 


@ 8, (ii) 10, Gii), Qv) 12. 
A (B. H. U. Medical Test 1981) 
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Solution : Conc. of NaOH in solution — 0:4 g per litre 


x T g mole per litre- 0:01 g mole per litre. 


Les [OH-]— 0'01 g mole per litre 
=10 g mole per litre. 


Ur*]x [OH] = 10, s [H*]x 1072— 1024 
or [H]- = 21093, @ 2. pH--log 10-23-12, 
Hence, (iv) is correct. 
20. Calculate the pH of 10-8 (N) HCI. (I. I. T. 1981) 
Solution : [H+] from 107? (N) HCI = 1-08 
H*] from water = 10-7? 


Total [H*] — 1075 4- 107? — 1077(101 + 1) 2 1:1 x 10-7 
s pH=-—log [1'1 x 10-]= —[log 1'1 +log 1077] 
or pH=-—[00414-7]=60. 
21. 20 ml of 0:2 M NaOH is added to 50 ml of 0:2 M acetic acid 
to give 70 ml of the solution. What is the pH of this solution ? 
(I. I. T. 1982) 
Solution : 20 ml 0:2 M NaOH mixed wi th 50 ml 0:2 M CH,COOH 
will produce 20 ml 0:2 M CH;COONa. 
Molarity of CH,COONa in 70 ml solution : 
20x02M—70xx M 
&230x02 _ 4 
70 70 
(50—20)=30 ml 0:2 M CH,COOH is unneutralised, 
Let the strength of CHCOOH in 70 ml solution be 
= 30x02 
70 


Then, 
30x0:2 M-70xaM, or a 


m 
i5 
70 
[salt] 
[acid] 


Now, pH-pK +log Sap les K+log 


Dea. 4/70 
= —log (1°8X 10-5) +log 4/70 
8 ( +108 Ging 


= "os OE 1075-- log 2/3 
— —log 1'8—1og 10-5--log 20— 1og 3 
= —02553-F5--L3010— 14771 —4 5685 —4:57 
22. For the reaction, A+B+C, the follow; 
obtained— wing data were 
tin sec 0 900 


conc. of A 508  . 197 ra 
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e that the reaction is of the first order. 
SRY (Roorkee Adm. Test 1982) 


Ans. From the question, initial conc. of A, i.e., a=50°8. 


At time 900 sec, a—x— 19:7. ENT 
The kinetic equation for the 1st order reaction is given by, 


E DE 
2 a“ (log 508 —log 19:7) 
=203 (1:7059 —1:2945) 
A d x04114—1:05 x 10-5, 
e an (log 50:8 —log 7:62) 
= 4305. 08239 — 1:05x 10-8 


A Eee the k value remains constant, the reaction is of the first 
rder. 


ii 23. GNU the vapour p 
at of the solution containi : Š 
4:559 mm of Hg. Calculat, ing 8°8 g of solute per 100 g of water 
Solution : Given : Po= 458, P,—4:559 


Pe Pi wM 
o mW 
458x4559 _ 8 '8x 18 CA 
—— la, 8:8 x 18 
RE 458 mx 100 9 Ug T I0 
— 88X18 x458.. 
or m= Omix 3454. 


24. A mixture of ethyl alcohol and propyl alcohol has a vapour 
pressure of 290 mm at 27°C. Ifmole fraction of ethyl alcohol is 
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0°65, calculate its vapour pressure. The vapour pressure of propyl 
alcohol is 210 mm. > 

Solution : Mole fraction of ethyl alcohol (2) —0:65 

Mole fraction of propyl alcohol (N)—1— 0:65 — 0:35 
V. P. of mixture, P—290 mm 
px=210 mm, Pa=? 
Now P=pnXn+px XN 
or P 290=pn x 0:65-- 210» 0:35 


_ 290—(210x 0:35) _ 2165 _ 333.1 mm. 
0:65 0°65 


Or n 


. 25. Freezing point of a biological fluid is — 055°C. Calculate 
its osmotic pressure at 37°C, assuming that the change in the tem- 
perature does not cause its solution characteristic. K;=1°86°C per 
1000 g of H30. 


; Ws. 1 
Solution : AT; —1000 K;. Ms aW 
W and M represent the.molecular weights. 
Here, AT;=0'55, Ky =1°86 
Weed; 880/56 07,21) 


Ms 1000K; 1000x1:86 


Or Ms -03013x 10? mole g7, 
Ms 


Mole of solute per 1000 g solvent, (m) — 03013 x 10-3 x 103 
3013. 


Now, Osmotic pressure, P—mRT 
=0°3013 x 0:082 x 310— 7:66 atm. 

26. In an electrolysis experiment, current was passed for 5 hours 
through two cells connected in series. The first cell contains a 
solution of gold and the second contains copper sulphate solution. 
9:85 g of gold was deposited in the first cell. If the oxidation num- 
ber of gold is --3, find the amount of copper deposited on the 
cathode ofthe second cell. Also, calculate the magnitude of the 
current in amperes, (1 Faraday —96,500 coulombs) (1. 1. T. 1983) 

Solution: Wt. of gold deposited —9:85 g 

Atomic weight of gold — 197 
O. N. of gold — +3 
Eq. wt. of gold 197, 
Thus, 


187 g Au will be deposited by 96,500 coulomb 
& 9'85g Au will be deposited by 26500x9'85x3 
197 


= 14475 coulomb, 
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Now, at wt. of Cu— 63:5 
O. N. of Cu=4+2, .. Eq wt. of Cua $3, 


Thus, 


96,500 coulomb will deposit ss g Cu, 


y «4 63°5 x 14475 
75 coulomb will deposit 833X 14475 , _ 4.7 
14475 coulomb will deposi 2x96,00- 8 4°76 g 


2 _@ —. 14475 ET 

Current required — = 3x 60X60 = 0:804 A. 

27. 0:05 g sample of an iron containing mineral mainly in the 
orm of CuFeS, was reduced suitably to convert all the ferric iron 
into the ferrous form and was obtained as solution In the absence 
of any interfering matter the Solution required 42 ml of 0:001 M 
K.Cr;O; solution for the reaction. Calculate the percentage of 
CuFeS, in the mineral. 

Solution: The reaction taking place is, 

6Fe**--Cr40;- -4-14H* - 6Fec 2Cr +7H,0 
Cr.07-- = K;CrjO; 
1000 ml 1 M K,Cr.0,= 294 g K,Cr,O, 


; 294x 0:00] x 42 
42 ml 0:001 M K,Cr,07,= A ae Ey, 
2Cr207 1000 = 0°012348 g, 
According to the equation above, 
"V 294 g K Crs0; reacts with 6x 55:8 g Fe, 
0012348 g K,Cr,O; reacts with 6558 x 0012348 
294 


7014112 g Fe. 
CuFeS, contains 1 atom of Fe, 
55:8 g of Fez183:3 £ CuFeS, 


H = 183:3 x 0'14 
py Mira oes 8 CuFeS, =0-46357 g 
Wt. of the sample-0:5 g 

100 g of the sample contains T4657 x 100 s 


792772 g CuFes;. 
28. What is the composition by volume of a mixture of 
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methane, ethylene and acetylene which gave the following results ? 


18:4 ml of the mixed gases was added to 100 ml of oxygen and 
exploded. The contraction after the explosion was found to be 


3372 ml. 


Treatment of the residual gases with potash decreased the 


volume by 31:4 ml. (All volumes are measured at S. T. P.). 
Solution : Let the volume of methane x m] 
Volume of ethylene — y ml 
Volume of acetylene=z ml 


x+y+z=184 (i) 
The equations for the reactions will be, 
CH, +209 - CO. 42H40 .. (a) 
x ml 2x ml xml 0 
CH +0302, 2» 2605; d. 22H10 .. (b) 
3y ml 2y ml 0 
Cu. T Fi Os > 2C0, Hs se (9) 
zml 2z ml 
Amount of Os we ee of gases he explosion) 
—(contraction on explosion and on 
treatment with KOH) 
—(100--18:4) (332—314) — 53:8 ml 
-. Volume of O, used in reaction = 100—53:8 —46:2 ml 
Volume of O, used =2x+3y+ §z 
ES 2x 43y 12462 (ii) 
Volume of CO, — x4-2y - 2z 
x42y +2z=31'4 (iii) 


Multiply (i) by 2 and subtract the result from (iii), 
x+2y$22=31-4 
Sere AE = 36:8 


or 


=x= -54 
x-—54ml 


Adding (iii) and (i) and subtracting (ii) : 


2x-+3y-+-32—2x — 3 — 


or 4z=3 6, 


Multiple Choice Questions : 


x+y+z=18°4, 
or 12:6 y —184, 


12—184--31:4 462 
so z=72 ml 
544y+7:2=184 


y—184—12:6— 5:8 ml. 


1. The element used to kill bacteria in drinking water is 
(i) Ca (ii) Cl (iii) Mg (iv) none of the above. 

2. The accurate value of absolute zero is 

G) 273°C Gi) —273°C (iii) 273-159C (iv) — 273-1500. 
3. The formation of a chemical bond is associated wi th 


(i) a decrease in potential ener; 
(iii) decrease in volume (iv) increase 


4. The critical temperature of a gas is the 


(i) the gas is liquified 


rgy (ii) an increase 
in volume, 


temperature at which 


Gi) the kinetic energy of.gas molecules is highest 


in potential energy 
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(iii). gas can be liquified just by increasing the pressure only 
(iv) none of the above. 
5. Which one of the following factors determines whether a substance has 
metallic properties or not ? 
(i) atomic number 
(ii) atomic mass 
(iii) number of valence electrons 
(iv) total number of electronic shells in the atom, 
6. The halogen molecules are coloured because 
(i) it is their characteristic property 
(i?) their molecules absorb some of the frequencies of visible light 
(iii) the molecules are in random motion. 
7. Sigma bond differs from pie bond by the following facts except 
(i) it is a stronger bond than = bond. 
Gi) itis generally formed by the ionic compounds, 
(iii) more overlapping of orbitals taking place than z bonds. 
(iv) = bonded compounds may not haye sigma bond in it. 
8. Maximum covalency of an element is determined by 


(iii) maximum possible valency of the element, 
(iv) maximum number of isotopes an element can form. 


9. The inert pair effect in heavier elements is due to the reluctance of the pair 
electrons 
(i) s-orbital (ii) p-orbital (iii) d-orbital (iv) f-orbital. 
10. Which one of the following has octahedral shape ? 
(i) CH, (ii) PCI, (ii) SF, (iy) IF,. 
11. A compound contains atoms of A, B and C, 
A is +2, of B is --Sand of Cis —2,' A 
atoms combine is 
(i) ABC, (ii) 44BCj, (iii) ABC} (iv) A3(,C),. 
12. Which one of the following would have an unpaired electrons ? 


C. The oxidation number of 
Possible molecular form when these 


Gii) Lanthanides (iv) Actinides. 
14. Phosphorus exposed to the atmosphere burns 
(i) the activation energy of phosphorus is very | 
(ii) air catalyses the Teaction, 
(iii) burning of phosphorus is exothermic, 
(iv) none of these., 
15. The characteristic half life of an unstable isotope is Strongly influenced by 
(i) temperature (ii) pressure 
(iii) either of these (iv) neither of these, 
16. If the standard free energy change is negative in Sign, the reaction 
(i) will take place Spontaneously, 
(i?) will be exothermic 
(iii) will be endothermic 
(iv) will not occur, 
17. Radioactive isotopes that have an excessive neutron-proton ratio gene- 
Tally exhibit 
(i) a-emission (ii) positron emission 
(iii) B-emission (iv) «-capture. 


MISCELLANEOUS QUESTIONS WITH ANSWERS 361 


18. The phenomenon of ejection of electrons from a metal surface by the 
action of light is called 
(i) Compton effect (ii) Photoelectric effect 
(iii) Zeeman effect (iv) None of these. 
19. What is the atomic number of the element which has maximum number 
of unpaired 3p electrons ? 
(i) 15 (i) 26 (ii) 23 (iv) 33. 
20. Which one of the following materials is used for Control rods in uranium 
reactors ? 
(i) Antimony (ii) Boron steel (iii) Carbon steel (iv) Titanium. 
Ans. 1. (ii); 2. (v) 3. (3 4. (iii); 5. di); 6. (i); 7. dv; 8, Gi 
9. (iii); 10. (i); 11. Gi); 12. (iv); 13. (ii); 14. (i); 15. (iv); 16. (2; 17. (ii): 
18. (ii); 19. (i; 20. (ii). 


oom 
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Some Physical Constants 


Avogadro's number (N)=6:023 x 10% 
Planck constant (h) = 6:624 x 10-®? erg-sec 
Velocity of light (c)=3 x 10! cm per sec. 
Electronic charge (e)=4°8022 x 1071? e, s, u. 
= 1-602 x 1071? coulomb 
Electronic mass (m,)— 9:1072 x 10-*8 g 
Proton mass (mj) — 16722: 10-3 g 
Neutron mass (mn) —1:6750x 10-24 g 
1 Angstrom (A?) — 1075 cm 
1 litre (1000 ml) — 1000:027 c.c. 
1 atmosphere — 76 cm of Hg 
=76X 13:6x981 dyne cm? 
Absolute Zero of temperature — —273:159C 
1 calorie —4-185 joules 
1 joule = 0:2389 calorie 
Gas constant (R) 28:314 x 10? erg-? deg mol-1 
— 00821 litre-atm deg-? mol? 
= 1:987 calorie 
> %2 calorie deg molt 
Faraday (F)=96496 coulomb per gram 
equivalent 
Z 96500 coulomb per gram 
equivalent. 


APPENDIX II 
International System of Units (S 1) 
A 


S I Base Units 
SS 


Quantity Name of Unit Symbol 
K. Ic EE ET et 

ength Metre R 
m Kliogram k z 
Time Second 5 
Electric current Ampere iN 
Temperature Kelvin 
Amount Mole mol 


2) EEE eee ee ee ee 
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B 


S I Derived Units 


Quantity Name of Unit Symbol 
Volume Cubic metre j m? 
Volume Liter 1 
Pressure Pascal Pa 
Energy Joule r J 
Energy Calorie cal 
Electric charge Coulomb G 
Electric potential Volt V 
Electric resistance Ohm 52 

o 
Length Angstrom Á 
Cc 


Some Physical constants 
2:997925 x 108 m sec-i 


Velocity of light c , 
Avogadro’s number N 670225 x 10% particles mole- 
Planck’s constant h 6:6256X 10-*4 joule sec 


6:6256 X 107?? erg sec 

R 0 082054 liter atm deg-! mole-! 
8:3143 joules deg-! mole 
1:9872 cal deg! mole? 

166053 x 10-*? kg 

1:60219 x 107? coulomb 
480298 x 107? e, s, u. 


Electron radius 2:8177 x 10715 m 
2:8177 x 1071? cm 


Gas constant 


Atomic mass unit 
Electron charge e 
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Conversion Factors 


1x 1077 joule 

6:281 x 1075 electronic charges 
1:602 x 10? erg 

1:602 x 10-1 joule 

3:287 x 10-?? cal 

96:487 coulombs mole-! 


] erg 
] coulomb 
1 electron volt 


] Faraday 
] metre 39:37 inches 
1 kilogram 2:205 pounds 


760 torr 
1:013x 109 dynes cm~? 
101,325 newtons metre-? 


] atmosphere 


W!-o gg dg 


1364 
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Vapour Pressure of Water 


PC Torr eC Torr 
he 2 = 
J 0 458 25 23°76 
5 6:54 30 31°82 
10 9:21 35 42:18 
15 12:79 40 55:32 
20 1754 45 71:88 
SS EE a aE So 
000 
* 
è 
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